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157) Attract 

Compounds of general formula (I) are described wherein Y is a halogen atom or a group -OR 1 , where R 1 is an optionally substituted 
\lkyl group: X is -O, -S- or -N(R t >-, whnc R 1 is a hydrogen atom or an alkyl group; R 2 is an optionally substituted alkyl, alkenyl, 
:yclo«lkyt or cyctoftlkenyl group; R 1 U a hydmgen or halogen Mom or »n -OR* trotip. whne R* Is • hydrogen atom or an optionally 
substituted alkyl, alkenyl alkoxyalkyl, or alkanoyl group, or a forniyl, cniboxamido or ihiocarboxamido group; R* and R 5 . which may be 
ihe same or different, is each a group -(CHj^Ar, where Ar is a monocyclic or bicyclic aryl group optionally containing one ore more 
heteroatoms selected from oxygen, sulphur or nitrogen atoms and n is zero or an integer I, 2 or 3; R* is a hydrogen atom or an optionally 
substituted alkyl group; R 7 is a hydrogen atom or an optionally substituted alVyl group; and the saJts, solvates, hydrates and N-oxides 
'hereof. Compounds according to the invention are potent, selective a»d orally active PDE IV inhibitors and are useful in the prophylaxis 
and treatment of asthma and other diseases. 
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This invention .elates to a novel series ol In-subs-Uuted phenyl derivatives, 
.""ocesses lor their preparation. ,o pharmaceutical composes 
containing them, and lo their use in medicine. 

Many hormones and neurotransmitters modulate tissue function by 

"e I.i g In.ra-ceUula, levels o, adenosine 3'. Acyclic monophosphate 

TmP) The cettular levets o, cAMP are reguta.ed by mechanisms which 

IZo synthesis and breaKdown. The synthesis ol cAMP is controlled by 

adeny, o ctase which may be dlrectty activated by agents 

„, indirectly activated by the binding o, speci.ic agonists ^ 

receptors which are coupled to adenyl cyclase. n,e breakdown o. cAMP 

is co— by a lamity o, phosphodiesterase 

also control the breakdown ot guanosine 3. 5 -cyclic monopii v 

G J, To date, seve embers ol the ta y have been descnbed 

PDE l-VII) the distribution ol which varies Iron, tissue to tissue. This 

uggests ha, specilic ibi.ors ol PDE isoenzymes could achieve 

iZenlia, elevation o, cAMP in dlHeren, .issues, ,lo. ^reviews , o PDE 
distribulion. structure, tunction and regulation, see Beavc & Redspyder 
(19901 TIPS. U: 150-155 and Nicholson et al (1991) HPS. iZ- 19'27|. 

There is clear evidence that elevation ol cAMP in inllammatory leukocytes 
eaas ,o inhibition o, their activation. Furthermore, elevation o. cAMP ,n 
airway smooth muscle has a spasmolytic ellect. In these tissues. PDE IV 
plays a maior role in the hydrolysis o. cAMP. U can be expected. 

t e lore. Iha, selective , bitors o. PDE IV would have therapeu c 

, ellecls in inilammatory diseases such as asthma, by achieving both a„„- 
inllammatory and broncliodilator ellects. 

,„e design ol PDE IV inhibitors has met with limited success lo date, in 
lhal ma ny ol the potential PDE IV inhibitors which have been *V" 
5 live lacked potency and/or have been capable o. inhibiting more « 
„pe ol PDE isoenzyme in a non-seleclive manner. Lack ol a selective 
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action has been a particular problem given the widespread role ol cAMP i D 
ma and what is needed are potent selective PDE IV inhibitors will, an 
inhibitory action ngainsl PDE IV and little or no action against other PDE 

isoenzymes. 

We have now found a novel series of tri-substituted phenyl derivatives 
members of which compared to known structurally similar compounds ore 
potent inhibitors of PDE IV at concentrations at which they have little or no 
inhibitory action on other PDE isoenzymes. These compounds inhibit the 
Human recombinant PDE IV enzyme and also elevate cAMP in isolated 
leukocytes. Certain compounds prevent inflammation in the lungs induced 
by carrageenan. platelet-activating factor (PAP), interleukin-5 (IL-5) or 
antigen challenge. These compounds also suppress the 
hyperresponsiveness of airway smooth muscle seen in inflamed lungs 
Advantageously, compounds according to the invention have good oral 
activity and at orally elfective doses exhibit little or none of the side-effects 
associated with known PDE IV inhibitors, such as rolipram The 
compounds of the invention are therefore of use in medicine, especially in 
the prophylaxis and treatment of asthma. 

Thus according to one aspect of the invention, we provide a compound of 

formula (1) 

25 d) 
wherein 

Y is a halogen atom or a group -OR' where Ri is ah optionally substituted 
alkyl group; 



20 



30 



X is -0-. -S- or -N(RO)-. where R° is a hydrogen atom or an alkyl group- 
R 2 ls an optionally substituted alkyl. alkenyl. cycloalkyl or cycloalkenyl 
group; 
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R 3 is a hydrogen or halogen atom or an -OR 9 group, where R tJ is a 
hydrogen atom or an optionally substituted alkyl, alkenyl, alkoxyalkyl, or 
alkanoyl group, or a forrnyl, carboxarnido or thiocarboxamido group; 
IT 1 and R r \ which may be the same or dillerent, is each a gioup 
5 -(CH 2 ) n Ar, where Ar is a monocyclic or bicyclic aryl group optionally 
containing one or more heteroatoms selected Irom oxygen, sulphur or 
nitrogen atoms and n is zero or an integer 1,2 or 3; 
R 6 is a hydrogen atom or an optionally substituted alkyl group; 
R 7 is a hydrogen atom or an optionally substituted alkyl group; and the 
10 salts, solvates, hydrates and N-oxides thereof. 

It will be appreciated that the compounds ol foimula (1) may have one or 
more chiral centres, depending on the nature ol the groups R 3 , R 4 , R 5 . R 6 
and R 7 . Where one or more chiral centres is present, enantiomers or 
1 5 diastereomers may exist, and the invention is to be understood to extend 
to all such enantiomers, diastereomers and mixtures thereof, including 
racemates. 

In the compounds of formula (1), when Y is a halogen atom it may be for 
20 example a fluorine, chlorine, bromine or iodine atom. 

When Y in the compounds of formula (1) is a group -OR 1 , R 1 may be, for 
example, an optionally substituted straight or branched alkyl group, lor 
example, an optionally substituted Ci-oalkyl group, such as a methyl, 
25 ethyl, n-propyl or i-propyl group. Optional substitutents which may be 
present on R 1 groups includo one or more halogen atoms, e.g. fluorine, or 
chlorine atoms. Particular substituted alkyl groups include for example 
-CH 2 F, -CI l 2 CI, -CHF 2 , -CI ICI 2 , -CF 3 or -CCI 3 groups. 

30 Alkyl groups represented by R 2 , R G or R 7 in the compounds of formula (1) 
include optionally substituted straight or branctied Ci-g alkyl groups, e.g. 
Ci. 3 alkyl groups such as methyl or ethyl groups. Optional substituents on 
these gtoups include one, two or three substituents selected from halogen 
atoms, e.g. fluorine, chlorine, bromine or iodine atoms, or hydroxyl or CYg 

35 alkoxy e.g. C1.3 alkoxy such as methoxy or ethoxy groups. 
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Alkenyl groups represented by R 2 in the compounds of formula (1) include 
optionally substituted straight or branched C2-oalkenyl groups sucti as 
ethenyl, propen-l-yl and 2-meUiylpropen-1-yl. Optional substituents 
include those described above in relation to the groups R 2 , R° and R 7 . 

5 

When R 2 in the compounds of fomiula (U is an optionally substituted 
cycloalkyl or cycloalkenyl group it may be for example a Ca-ocycloalkyl 
group such as a cyclobutyl, cyclopentyl or cyclohexyl group or a C3-0 
cycloalkenyl group containing for example one or two double bonds such 

10 as a 2-cyclobuten-1-yl, 2-cyclopenten- 1 -yl, 3-cyclopenten- 1 -yl. 2,4- 
cyclopentadien-1-yl, 2-cyclohexen- 1 - yl, 3-cyclohexen-1-yl, 2,4- 
cyclohexadien-1-yI or 3,5-cyclohexadien-1-yl group, each cycloalkyl or 
cycloalkenyl group being optionally substituted by one, two or three 
substituents selected from halogen atoms, e.g. fluorine, chlorine, bromine 

15 or iodine atoms, straight or branched Ci-calkyl e.g. Chalky! such as 
methyl or ethyl, hydroxyl or Ci-oalkoxy e.g. Ci.3alkoxy such as methoxy or 
ethoxy groups. 

Alkyl groups represented by R° in compounds of formula (1) include 
20 straight or branched Ci. 6 alkyl groups, e.g. C1.3 alkyl groups such as 
methyl or ethyl groups. 

When the group R 3 in compounds of foimula (1) is a halogen atom it may 
be for example a fluorine, chlorine, bromine or iodine atom. 

25 

When the group R 3 in compounds ol foimula (I) is an -OR 9 group it may 
be for example a hydroxyl group; or a group -OR 9 where R 9 is an 
optionally substituted straigtit or branched Ci-oalkyl group, e.g. a Ci-3alkyl 
group such as a methyl or ethyl group, a C2-oalkenyl group such as an 

30 ethenyl or 2-propen-1-yl group, a Ci-3alkoxyCi-3alkyl group such as a 
methoxymethyl, ethoxyrnethyi or ethoxyethyl group, a Ci.oalkanoyl, e.g. 
Ci-3alkanoyl such as acetyl group, or a lormyl (HC(O)-] or a carboxamido 

I (CONR 11 R 12 ) or thiocarboxamido (CSNR n R 12 ) group, wheie R 1 1 and 
R 12 in each instance may be the same or diflerent and is each a 

35 hydrogen atom or an optionally substituted straight or branched Ci-oalkyl, 
j e.g. C 1 . 3 a I k y I group such as a methyl or ethyl group. Optional 
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it may be a 2-lhienyl or 3-thienyi group, and, similarly, when il is a luiyl 
group it may be a 2-furyl or 3-luryl group. 

When in compounds of formula (1) the Ar group is a nitrogen-containing 
5 heterocycle it may be possible to form quaternary salts, for example N- 
alkyl quaternary salts arid the invention is to be understood to extend to 
such salts. Thus for example wfien the group Ar is a pyridyl group, 
pyridinium salts may be formed, for example N-alkylpyridinium salts such 
as N-methylpyridinium. 

i 10 

The aryl or heteroaryl groups represented by Ar in compounds of formula 
(1) may eacfi optionally be substituted by one, two, three or more 
substituents [R 10 ]. The substituent R 10 may be selected from an atom or 
group R 13 or -Alk^R 13 ),,, wherein R 13 is a halogen atom, or an amino 

15 (-NH 2 ), substituted amino, nitro, cyano, hydroxyl (-OH), substituted 
hydroxyl, cycloalkoxy, forniyl (HC(O)-J, carboxyl (-CO2H), esterified 
carboxyl, thiol (-SII), substituted thiol, -C(0)Alki, -SO3H, -S0 2 Alk', 
-S0 2 NH 2 , -SOpNI IAlk 1 , -S0 2 N(AlkMi?, -CONH 2 , -CONHAlk 1 , -CONjAlk 1 ]^. 
-NHS0 2 H, -NHS0 2 Alk 1 f -N(S0 2 Alk 1 ]2. -NHS0 2 NH 2 , -NHS0 2 NHAIk l , 

20 -NMS0 2 N[AlkM2 , -NHC(0)Alk 1 , or -Nl IC(O)OAIl0 group; Alk* is a straight 
or branched. Ci-oalkylene, C 2 -Galkenylene, or C 2 -6alkynylene chain 
optionally interrupted by one, two, or three -O-. or -S- atoms or -S(0)p-, 
[where p is an integer 1 or 2] or -N(R 0 )- groups; and m is zero or an 
integer 1 1 2 or 3. 

25 

When in the group -Alk^R 13 ),,, m is an integer 1, 2 or 3, it is to be 
understood that the substituent or substituents R 13 may be present on any 
suitable carbon atom in -Alk 1 . Where more than one R 13 substitutent is 
present these may be the same or different and may be present on the 
30 same or different carbon atom in Alk 1 . Clearly, when m is zero and no 
substituent R 13 is present or when AIM forms part of a group such as 
-S0 2 Alk* the alkylene, alkenylene or alkynylene chain represented by Alk 1 
becomes an alkyl, alkenyl or alkynyl gioup. 

35 When R 13 is a substituted amino group it may be a group -Nl HAIk^R 1 ^),,,) 
[where Alk 1 and m are as defined above and R 13a is as defined above lor 



WO 94/147*12 l'CT/i;»9J/02625 



Particularly useful atoms or groups represented by R ,u include fluorine, 
chlorine, bromine or iodine atoms, or Ci- G alkyl, e.g. methyl or ethyl, C|. 
oalkylarnino. e.g. methylamino or ethylamino, Cj-g hydroxyalkyl, e.g. 
hydroxymethyl or hydroxyethyl, C t . G alkylthiol e.g. methylthiol or ethylthiol, 
5 Ci-oalkoxy. e.g. methoxy or ethoxy, Cs-zcycloalkoxy, e.g. cyclo-pentyloxy, 
haloC|. G alkyl. e.g. trifluoromethyl, C|. G alkylamino, e.g. methylamino or 
ethylamino, amino (-NH 2 ), aminoCi. c alkyl f e.g. aminoinelhyl or arninoethyl, 
Ci-GcJialkylarnino. e.g. dimethylarnino or diethylamino, nitro, cyano. 
hydfoxyl (-OH). (oimyl [I IC(0)-J, carboxyl (-C0 2 H), -C0 2 Alk2 (where All^ is 

10 as defined above], Ci. r , alkanoyl e.g. acetyl, thiol (-SI !), IhioCf -oalkyl, e.g. 
thiomethyl or thioethyl, sulphonyl (-SO3II), Ci- 6 alkylsulphonyl, e.g. 
rnethylsulphonyl, aminosulphonyl (-S0 2 NH 2 ), Ci-calkylarninosulphonyl, 
e.g. methylaminosulphonyl or ethylaminosulphonyl, Ci^dialkylamino- 
sulphonyl, e.g. dirnelhylaminosulphonyl or diethylaminosulphonyl, 

15 carboxamido (-CONH 2 ), Cf . G alkylaminocarbonyl t e.g. methylamino- 
carbonyl or ethylaminocarbonyl, Ci-edialkylaminocarbonyl, e.g. dirnethyl- 
aminocarbonyl or diethylaminocarbonyl, sulphonylamino (-NHS0 2 ll), 
Ci-Galkylsulpfionylarnino, e.g. methylsulphonylamino or ethylsulphonyl- 
arnino, Ci-cdialkylsulphonylamino, e.g. dimethylsulphonylamino or dielhyl- 

20 sulphonylamino, aminosulphonylamino (-NHS0 2 NH 2 ), Ci^alkylamino- 
sulphonylamino, e.g. metliylarninosulphonylamino or ethylamino- 
sulphonylamino, Ci-Gdialkylaminosulpfionylamino, e.g. dirnethylamino- 
sulphonylamino or diethylaminosulphonylamino, Ct^alkanoylamino, e.g. 
acetylamino, Ci- 6 alkanoylarnino Ci-Galkyl, e.g. acetylaminomethyl or 

25 Ci-Galkoxycarbonylarnino, e.g. rnethoxycarbonylamino, ethoxycarbonyl- 
arnino or t-butoxycarbonylamino groups. 

Where desired, two R 10 substituents may be linked together to form a 
cyclic group such as a cyclic ether, e.g. a C 2 . G alkylenedioxy group such as 
j 30 ethylenedioxy. 

It will be appreciated that where two or more R 10 subsliluents are present, 
! these need not necessarily be the same atoms and/or groups. The R 10 

substituents may be present at any ring carbon atom away from that 
35 attached to the rest of the molecule of formula (1). Thus, for example, in 

phenyl groups represented by Ar any substituent may be present at the 2-, 
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3-. <l-, 5- or G- positions relative to the ring carbon atom attached to the 
remainder of the molecule. 

In the compounds of formula (1), when an ester group is present, for 
example a group -C0 2 Alk2 this may advantageously be a melabolically 
labile ester. 

The presence of certain subsliUierits in the compounds of formula ( I) may 
enable salts of the compounds to be formed. Suitable salts include 
pharmaceutical^ acceptable salts, for example acid addition salts derived 
from inorganic or organic acids, and salts derived from inorganic and 
organic bases. 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
alkylsulphonates. e.g. methanesulphonates. ethanesulphonates. or 
isethionates, arylsulphonates. e.g. p-toluenesulphonates. besylates or 
napsylates, phosphates, sulphates, hydrogen sulphates, acetates, 
triduoroacetates. propionates, citrates, maleates. fumarates, malonates, 
succinates, lactates, oxalates, tartrates and benzoates. 

Salts derived from inorganic or organic bases include alkali metal salts 
such as sodium or potassium salts, alkaline earth metal salts such as 
magnesium or calcium salts, and organic amine salts such as morpholine, 
" piperidine. dimethylamine or diethylamine salts. 

Particularly useful salts of compounds according to the invention include 
.pharmaceutical^ acceptable salts, especially acid addition 
pharmaceutical^ acceptable salts. 

In the compounds of formula (1). the group Y is preferably an -OW group, 
especially where R 1 is an optionally substituted ethyl group or. especially, 
an optionally substituted methyl group. Especially useful subslilutents 
which may be present on R> groups include one. two or three lluorine or 
chlorine atoms. 



The group X in compounds of formuh (1) is preferably -0- 
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R 13 but is not a substituted amino, a substituted hydroxyl or a substituted 
thiol group) or a group -N(Alk , (n ,3a )mJ2 wherein each -Alk 1 (R l3n ) m group 
is the same or different. 

5 When Ft 13 is a halogen atom it may be for example a fluorine, chlorine, 
bromine, or iodine atom. 

When n 13 is a cycloalkoxy group it may be for example a Cs-zcyclonlkoxy 
group such as a cyclopentyloxy or cyclohexyloxy group. 

10 

When R 13 is a substituted hydroxyl or substituted thiol group it may be a 
group -OAlk^H 133 ),!, or -SAIkt(R 13a )m respectively, where AIM, F1 13a and 
rn are as just defined. 

1 5 Esterified carboxyl groups represented by the group R 13 include groups of 
formula -CC>2Alk 2 wherein Alk 2 is a straight or branched, optionally 
substituted d-aalkyl group such as a methyl, ethyl, n-propyl, i-propyl, n- 
bulyl, i-butyl, s-butyl or t-butyl group; a Ce-i2ai7'Ci-8all<yl y fou P suc ^ as an 
optionally substituted benzyl, phenylethyl, phenylpropyl, 1-naphthylrnethyl 

20 or 2-naphthylmethyl group; a Co-i2aryl group such as an optionally 
substituted phenyl, 1-naphthyl or 2-naphthyl group; a Co-i2aryloxyCi-oalkyl 
group such as an optionally substituted phenyloxyrnethyl, phenyloxyethyl, 
1-naphthyloxymethyl, or 2-naphthyloxyrnethyl group; an optionally 
substituted Ci-oalkanoyloxyCi-oalkyl group, such as a pivaloyloxymethyl, 

25 propionyloxyethyl or propionyloxypropyl group; or a CG-i2aroyloxyCi-oalkyl 
group such as an optionally substituted benzoyloxvethyl or 
benzoyloxypropyl group. Optional substituents present on the Alk 2 group 
include R ,u substituents described above. 

30 When Alk 1 is present in or as a substituent R 10 it may be for example a 
methylene, ethylene, n-propylene, i-propylene, n-butylene, i-butylene. s- 
butylene, t-butylene, ethenylene, 2-propenylene, 2-butenylene. 3- 
butenylene, ethynylene, 2-propynylene, 2-butynylene or 3-butynylene 
chain, optionally interrupred by one, two, or three -O- or -S-, atoms or 

35 -S(O)-. -S(0)2- or -N(R°)- groups. 
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A particularly uselul group ol compounds of formula (1) has Ihe lormula 
(2): 




cn 3 o — (' y — cfn^n^cfn^n^n 7 

(2) 

5 

where R 2 is an optionally substituted cycloalkyl group; R 3 .R 4 . H 5 . R° and 
R 7 are as defined tor lormula (1); and the salts, solvates, hydrates and N- 
oxides thereof. 

10 In the compounds of formulae (1) or (2) R2 is preferably an optionally 
substituted methyl or cyclopentyl group. In particular. R*is a cyclopentyl 
group. 

The group R 3 in compounds of formulae (1) or (2) is preferably a hydrogen 
15 atom. 

In compounds of formulae (1) or (2) the group R 6 is preferably a methyl 
group, or especially a hydrogen atom. 

20 The group R 7 in compounds of formulae (1) or (2) is preferably a methyl 
group, or especially a hydrogen atom. 

In one preference. R G and R 7 in compounds of formula (1) is each a 
methyl group. In another preference, one of R 6 or R 7 is a methyl group 
25 and the other is a hydrogen atom. In general, however. R 6 and R 7 is each 
especially a hydrogen atom. 

The groups R 4 and R & in compounds of formulae (1) or (2) is each, 
independently, prelerably a -CH 2 Ar group, or. especially, an -Ar group. 



30 



Particularly useful R 4 or R* groups in the compounds of formulae (1) or (2) 
include ttiose R 4 or Regroups in which Ar is a monocyclic aryl group 
optionally containing one or more heteroatoms selected from oxygen, 



I 
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such as a mono- or disubstituted 2-pyridyl. 3-pyridyl or especially 4-pyridyl 
group substituted by one or two atoms or groups R 10 as defined above, in 
particular one or two halogen atoms such as fluorine or chlorine atoms, or 
methyl, methoxy, hydroxyl or nitro groups. Paiticulaily useful pyiidyl 
groups of these types are 3-monosubstiluled-4-pyiidyl or 3,5-disubstiluted- 
4-pyridyl. or 2- or 4-monosubstituted-3-pyiidyl or 2.4-disubstituted-3- 
pyridyl groups. 

A particulaily useful group of compounds according to the invention has 
the formula (2) wherein R 3 . R° and R ; is each a hydrogen atom and R 2 , R" 
and R 5 are as defined for formula (1); and the salts, solvates, hydrates 
and N-oxides thereof. Compounds of this type in which R 2 is a cycloalkyl 
or substituted cycloalkyl group, especially a substituted cyclopentyl or in 
particular a cyclopentyl group are particularly useful. In this group of 
compounds, R 4 is preferably a monocyclic aryl group, particularly a phenyl 
or substituted phenyl group or R 4 is a six-membered nitrogen-containing 
monocyclic heteroaryl group, particularly a pyridyl or substituted pyridyl 
group and R 5 is a six-membered nitrogen-containing monocyclic 
heteroaryl group, especially a pyridyl or substituted pyridyl group in 
particular a 4-pyridyl or substituted 4-pyridyl group. 

Particularly useful compounds according to the invention are: 
(±)-4-(2-(3-Cyclopentyloxy-4-methoxyptienyl)-2-(2-luryl) 

ethyljpyridine; 

25 (±)-4-(2-(3-Cyclopenlyloxy-4-methoxyphenyl)-2-(2-thienyl)e , hyl| 
pyridine; 

(±)-4-(2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl)-3- 
methylimidazole; 

(±)-4-(2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl] 

30 pyridine; 

(±)-4-(1-(3-Cyclopentyloxy-4-meU)oxyphenyl)-2-(4-pyridyl)ethyl] 

pyridine; 

(±)-4-(2-(3-Cyclopentyloxy-4-melhoxyplienyl)-2-(4-lluorophenyl- 
ethyl) pyridine; 

35 (±)-4-(2-(3-Cyclopentyloxy-4-tnetlioxyphenyl)-2-(4-trilluoromethyl- 
phenyl)ethyl)pyridine; 
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(±)-4-[2-(3-Cyclopentyloxy-4-rnethoxyphenyl)-2-(2-inethoxyphenyl- 
elhyl)]pyridine; 

(±)-4-(2-(3-CyclopGntyloxy-/|-inethoxypheiiyl)-2-('l-melhoxyplier»yl)- 
Rlhyljpyridine; 

13 (±)-'l-(2-(3-Cyclopentyloxy-4-fT»eUioxyplienyl)-2-(4-iFielhylpheMyl) 
ethyljpyridine; 

(±)-4-[2-(3-CyclopGfityloxy-4-fiietlioxyptiefiyl)-2-(3-iiiethylpliefiyl)- 
ethyljpyridine; 

(±)-4-(2-(3-Cyclopenty!oxy-4-meUioxyphenyl)-2-(3-cyclopentyloxy-4- 
1 0 meUtoxyphenyl)ethyl)pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-rnethoxyphenyl)-2-plienyleUiylj-3 t 5- 
dichloropyridine; 

(±)-2-(2-(3-CyclopGntyloxy-4-niettioxyptienyl)-2-plienyletliylj 
pyridine; 

15 (±)-4-[1-(3-Cyclopentyloxy-4-inettioxyphenyl)-2-(4-pyiidyl) ethyl} 

aniline; 

(±) -4-(1-v3-Cyclopenxyloxy-4-fnethoxyphenyl)-2-(4-pyridyl)elhyl| 
benzoic acid; 

(±) Ethyl N-{4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl) 
20 ethyljplienyl}carbamate; 

(±) N-{4-[1-(3-Cyclopentyloxy«4-methoxyphenyl)-2(4-pyridyl)etliyl) 
phenylJINT-ethylurea; 

(±) N-{4-[ l-(3-CycloperUyloxy-4-(nethoxyphenyl)J-2-(4-pyridyl) 
ethyljphenylacetamide; 

25 (±) -3-[2-(3-Cyclopentyloxy-4-rTiethoxypfienyl)-2-phenylelhylj 

pyridine; 

I (±) -4-(2-(3-Cyclopentyloxy-4-niethoxypheiiyl)-2-pfienylethylj 

pyrimidine; 

(±) -4-[2-(3-Cyclopentyloxy"4-rnethoxyphenyl)-2-(4-hydroxymeUiyl- 
30 phenyl)ethyljpyridine; 

(±) -4-[1-(3-Cyclopentyloxy-4-inethoxyphenyl)-2-(4-pyridyl)ethyl) 
benzamide; 

(±) Ethyl-4-[ 1 -(3-CycloperUyloxy-4-niethoxyphenyl)-2-(4-phenyl- 
ethyljbenzoate; 

35 (±) N-{4-[ 1 -(3-Cyclopentyloxy-4-niGtl ioxyphenyl)-2-(4-pyridyl)ethyl] 

phenyl)methanesulphonainide; or 
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the resolved eiiantiomers thereof: and the salts, solvates, hydrates 
and N-oxides thereof. 

Hie above specifically mentioned compounds exist in two enantiomeric 
5 forms. Each enantiomer is useful, as are mixtures of both enantiotners. 

Compounds according to the invention are selective and potent inhibitors 
of PDE IV. Hie ability of the compounds to act in this way may be simply 
. determined by the tests described in the Examples hereinafter. 

10 

The compounds according to the invention are thus of particular use in the 
prophylaxis and treatment of human diseases where an unwanted 
inflammatory response or muscular spasm (for example bladder or 
alimentary smooth muscle spasm) is present and where the elevation ol 
15 cAMP levels may be expected to prevent or alleviate the inflammation and 
relax muscle. 

Particular uses to which the compounds ol the invention may be put 
include the prophylaxis and treatment of asthma, especially inflamed lung 

20 associated with asthma, cystic fibrosis, or in the treatment of inflammatory 
airway disease, chronic bronchitis, eosinophilic granuloma, psoriasis and 
other benign and malignant proliferative skin diseases, endotoxic shock, 
septic shock, ulcerative colitis. Crohn's disease, reperfusion injury ol the 
myocardium and brain, inflammatory arthritis, chronic glomerulonephritis, 

25 atopic dermatitis, urticaria, adult respiratory distress syndrome, diabetes 
insipidus, allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis, 
arterial restenosis and artherosclerosis. 

Compounds of the invention also suppress neurogenic inflammation 
30 through elevation ol cAMP in sensory neurones. Hiey are, therelore. 
analgesic, anti-tussive and anti-hyperalgesic in inflammatory diseases 
associated with irritation and pain. 

Compounds according to the invention may also elevate cAMP in 
j 35 lymphocytes and thereby suppress unwanted lymphocyte activation in 
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irnmune-based diseases such as rheumatoid arthritis, ankylosing 
spondylitis, transplant rejection and graft versus host disease. 

Compounds according to the invention have also been found to reduce 
5 gastric acid secretion and therefore can be used to treat conditions 
associated with hypersecretion. 

Compounds of the invention suppress cytokine synthesis by inflammatory 
cells in response to immune or infectious stimulation. They are, therefore, 

10 uselul in the treatment of bacterial, fungal or viral induced sepsis and 
septic shock in which cytokines such as tumour necrosis factor (TNF) are 
key mediators. Also compounds of the invention suppress inflammation 
and pyrexia due to cytokines and are, therefore, useful in the treatment of 
inflammation and cytokine-mediated chronic tissue degeneration winch 

15 occurs in diseases such as rheumatoid or osteo-aithritis. 

Over-production of cytokines such as TNF in bacterial, fungal or viral 
infections or in diseases such as cancer, leads to cachexia and muscle 
wasting. Compounds of the invention ameliorate these symptoms with a 
20 consequent enhancement of quality of life. 

Compounds of the invention also elevate cAMP in certain areas of the 
brain and thereby counteract depression and memory impairment. 

25 Compounds of the invention suppress cell proliferation in certain tumour 
cells and can be used, therefore, to prevent tumour growth and invasion of 
normal tissues. 

For the prophylaxis or treatment of disease the compounds according to 
30 the invention may be administered as pharmaceutical compositions, and 
according to a further aspect of the invention we provide a pharmaceutical 
composition which comprises a compound of formula (1) together with onn 
or more pharmaceutical^ acceptable carriers, excipients or diluents. 
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Pharmaceutical compositions according to Hie invention may take a lorm 
suitable for oral, buccal, parenteral, nasal, topical or rectal administration, 
or a form suitable lor administration by inhalation or insufflation. 



5 For oral administration, the pharmaceutical compositions may take the 
form of, for example, tablets, lozenges or capsules prepared by 
conventional means with pharmaceutical^ acceptable excipients such as 
binding agents (e.g. pregelatinised maize starch, polyvinylpyrrolidone or 
hydroxypropyl melhylcellulose); fillers (e.g. lactose, microcrystalline 

10 cellulose or calcium hydrogen phosphate); lubricants (e.g. magnesium 
stearate, talc or silica); disintegrants (e.g. potato starch or sodium 
glycollate); or wetting agents (e.g. sodium lauryl sulphate). The tablets 
may be coated by methods well known in the art. Liquid preparations for 

I oral administration may take the form of, for example, solutions, syrups or 

15 suspensions, or they may be presented as a dry product for constitution 
with water or other suitable vehicle before use. Such liquid preparations 
may be prepared by conventional means with pharmaceutically acceptable 
additives such as suspending agents, emulsifying agents, non-aqueous 
vehicles and preservatives. The preparations may also contain buffer 

20 salts, flavouring, colouring and sweetening agents as appropriate. 

Preparations for oral administration may be suitably formulated to give 
controlled release of the active compound. 

25 For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

The compounds for formula (1) may be formulated for parenteral 
administration by injection e.g. by bolus injection or infusion. Formulations 

30 for injection may be presented in unit dosage form, e.g. in glass ampoule 
or multi dose containers, e.g. glass vials. The compositions for injection 
may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contain forrnulatory agents such as 
suspending, stabilising, preserving and/or dispersing agents. 

35 Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g. steiile pyrogen-free water, before use. 
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In addition to the formulations described above, the compounds ol formula 
(1) may also be formulated as a depot preparation. Such long acting 
formulations may be administered by implantation or by intramuscular 
5 injection. 

For nasal administration or administration by inhalation, the compounds 
for use according to the present invention aro conveniently deliveied in the 
form ol an aerosol spray presentation for pressurised packs or a nebuliser t 
10 will) the use of suitable propellant t e.g. dichlorodilluorornethane. 
trichlorofluorornethane, dichlorotelrafluoroethane, carbon dioxide or other 
suitable gas or mixture of gases. 

The compositions may, if desired, be presented in a pack or dispenser 
15 device which may contain one or more unit dosage forms containing the 
active ingredient. The pack or dispensing device may be accompanied by 
instructions for administration. 

The quantity of a compound of the invention required for the prophylaxis or 
20 treatment of a particular inflammatory condition will vary depending on the 
compound chosen, and the condition of the patient to be treated. In 
general, however, daily dosages may range from around 100ng/kg to 
100mg/kg, e.g. around 0.01 my/kg to 40mg/kg body weight for oral or 
buccal administration, from around 10ng/kg to 50rng/kg body weight lor 
25 parenteral administration and around O.OSrng to around 1000rng e.g. 
around 0.5mg to around 1000mg for nasal administration or administration 
by inhalation or insufflation. 

The compounds according to the invention may be prepared by the 
30 following processes. The symbols Y, R 2 , R 3 , R\ R* ( R6. n 7 and X, when 
. used in the formulae below are to be understood to represent those 
groups described above in relation to formula (1) unless otherwise 
indicated. In the reactions described below it may be necessary to protect 
reactive functional groups, for example hydroxy, amino, tliio, or carboxy 
35 groups, where these are desired in the final product, to avoid their 
unwanted participation in the reactions. Conventional protecting groups 



i 



i 



■ WO 94/14742 

I 



PC1VGH93/02625 



may be used iiv accordance with standard practice [see, lor example. 
Green, T. W. in "Protective Groups in Organic Synthesis" John Wiley and 
Sons. 1901.) It may be that deproteclion will form the last step in the 
synthesis of compounds of formula (1). Thus, in one example, compounds 
5 of formula (1) wherein R 4 and/or n 5 contains a carboxylic acid group may 
be prepared by deprotecting the corresponding compound wherein f\ A 
and/or R 5 contains a protected carboxyl group, such as an oxazolinyl 
group, e.g. 4,4-dimethyl-2-oxazolinyl, in the presence of a base, e.g. 
sodium hydroxide, in an acid solvent e.g. aqueous hydrochloric acid, at an 
10 elevated temperature, e.g. the reflux temperature. 

Thus according to a further aspect of the invention, a compound of formula 
(1) wherein R 3 and R 7 is each a hydiogen atom may be prepared by 
hydrogenation of a compound of formula (3): 

15 




The hydrogenation may be performed using for example hydrogen in the 
presence of a catalyst. Suitable catalysts include metals such as 

20 platiniurn or palladium, optionally supported on an inert carrier such as 
carbon or calcium carbonate; nickel e.g. Raney nickel, or rhodium. The 
reaction may be performed in a suitable solvent, for example an alcohol 
such as methanol or ethanol, an ether such as tetrahydroluran or dioxane 
or an ester such as ethyl acetate, optionally in the presence ol a base, lor 

25 example a tertiary organic base such as triethylamine, at for example 
ambient temperature. 

Alternatively, the reaction may be accomplished by transfer hydrogenation 
using an organic hydrogen donor and a transfer agent. Suitable hydrogen 
30 donors include for example acids, such as formic acid, formates, e.y. 
ammonium formate, alcohols, such as benzyl alcohol or ethylene glycol, 
hydrazine, and cycloalkenes such as cyclohexene or cyclohexadiene. The 
transfer agent may be lor example a transition metal, for example 
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palladium or platinum, optionally supported on an inert carrier as 
discussed above, nickel e.y. Raney nickel, ruthenium, e.g. 
tris(triplienylpliosphine)ruthenium chloride or copper. The leactiou may 
generally be performed at an ambient or elevated temperature, optionally 
5 in the presence of a solvent, lor example an alcohol such as elhanol or an 
acid such as acetic acid. 

Intermediates of formula (3) may be prepared using a I lorner-Wadswoilh- 
Emmons approach by reaction of a ketone of formula (6) [described 

10 hereinafter) with a phosphorate R 5 CH 2 PO(OAIk);?. where Alk is a 
Chalky! group such as a methyl group, in the presence of a base such as 
sodium hydride. The phosphorates for use in this reaction may be 
prepared by conventional methods, lor example by reaction o( a 
compound R 5 CH2L, where L is a leaving group such as a chlorine atom 

15 with a phosphine P(OAIk)3. 

In another process for the preparation of intermediates of formula (3), an 
alkene of formula (4): 



may be coupled in a Heck reaction with an organopalladium compound 
derived from a compound R G I lal (where Hal is a halogen atom such as a 
bromine atom] and a palladium salt such as palladium acetate in the 
25 presence ol a phosphine such as tri-o-tolyl phosphine and a base such as 
triethy'amine at an elevated temperature and pressure. 

Intermediate alkenes of formula (4) may be obtained by reaction ol a 
corresponding ketone of formula (G) (described hereinafter) using a Wittig 
30 reaction employing a phosphonium salt such as rnethyltriphenyi- 
phosphonium bromide in the presence of a base such as n-butyllilhium 
and an inert solvent such as tetrahydrofuran at, lor example, 0°C to 
ambient temperature. 
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with a., oryanometallic reagent IWCHZ. where Z is a metal atom. 

5 Metal atoms represented by Z include, lor example, a lithium atom. 

The reaction may be performed in a solvent such as an ether, e.g. a cyclic 
ether such as tetrahydroluran. al a low temperature e.g. around -70OC to 
ambient temperature. This reaction is particularly suitable lor the 
10 preparation ol compounds ol formula (1) wherein R 5 is an electron 
deficient group such as a 2- or 4-pyridyl group. 

Reagents R 5 R 6 CI IZ are either known compounds or may be prepared, 
preferably injUilA during the above process, by reaction of a compound 
15 AlkCHzZ [where Alk is an alky! group such as a n-propyl group) with a 
compound R5R«CH 2 where necessary in the presence of a base such as 
an amine e.g. diisopropylamine using the above-mentioned conditions. 

Ketones ol formula (G) may be prepared by oxidation of a corresponding 
20 alcohol of formula (7): 




CHtOHMR 4 ) 

(7) 

using an oxidising agent such as manganese dioxide in a solvent such as 
25 dichloromethane at ambient temperature. 

Alternatively, ketones ol formula (G) may be prepared by reaction ol a 
halide ol formula (0): 
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10 



15 




(0) 



Inhere Hal is a halogen atom such as a bromine or chonne ale... by 
Ta ol-meta, exchange wi,h a base such as ,,-bu.yllilhium Allowed by 
e rio , wHh a ni.rUe R<CN. an add chloride n'COC, or an es,e, 

n<CO ? AIK «— » « •» - «'° UP - «* 3 me '" y ' 9r ° UP ' Ice a 
such as te.rahydroiuran a, a low ,e„.pera,u,e. e.g. arou.u, -TOPC^nO 

subsequent .reaunen, wiU, an acid such as hydrochtonc ac,d a, e.g. -20PC 
to ambient temperature. 

Alcohols ol lonnula (7, may be prepared by reaction o, an aldehyde o, 

formula (9): 



trx 




CIIO 

(9) 



with an organometalHc compound, such as an organolithium compound 
*U. or a Lgnard reagent R^MgBr, in a so.vent. such as tetrahydrolu.an. 
at a low temperature, e.g. around -55°C to 0°C. 

A.dohydes ol formula (9) may be prepared by alkyl.tion of a 
corresponding compound ol formula (10): 



20 




ci-o 

(10) 

usinq a compound R*Hal [where Hal is as previously defined) using the 
rgents lnd conditions described hereinalter lor the a.Kylat.on o. 
25 intermediates ot formula (113). 
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Intermediates of formula (10) are either known compounds or may be 
prepared from known starting materials by methods analogous to those 
used for the preparation of the known compounds. 

5 I lalides of formula (0) may be prepared by alkylation of a compound of 
formula (1 1): 



20 
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using the reagents and conditions discussed above in relation to the 
10 alkylation of aldehydes of formula (10). 

Halides of formula (11) where X is -0- may be prepared by oxidation of an 
aldehyde of formula (12): 

aio 




Hal 

15 (12) 

using an oxidising agent such as 3-chloroperoxybenzoic acid in a 
halogenated hydrocarbon such as chloroform at a temperature from 
around 0°C to room temperature. 



Aldehydes of formula (12) and halides of formula (11) where X is -S- or 
-N(R 0 )- are either known compounds or may be prepared from known 
starting materials by methods analogous to those used for the preparation 
of the known compounds. 

In yet another process according to the invention, compounds of formula 
(1) wherein R 3 t R G and R 7 is each a hydiogen atom may be prepared by 
decarboxylation of an acid of formula (13): 
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Compounds ol formula (14) may be obtained by reacting an adehyde ol 
formula (9) with an ester or nitrite R 5 CH 2 R 14 in an acid solvent, such as 
acetic acid, at an elevated temperature, for example the reflux 
temperature, in the presence ol a base, such as ammonium acetate. 

In a further process according to the invention a compound of formula (1) 
wherein R 3 . R G and R 7 is each a hydrogen atom and R 5 is a heteroaryl 
group may be generally prepared by cyclisation of a compound of formula 
(15): 



n z x 



10 




where R is a carboxylic acid [-C0 2 HJ group or a reactive derivative 
thereof; or a nitrile [-CN] or an irnine salt with a bifunctional reagent 
W1r5bw2 and. where necessary, a compound R 5b W3 [where W 1 . W 2 and 
15 W 3 , which may be the same or different, is each a reactive functional 
group or a protected derivative thereof; and R 5a and R 5b are components 
of the heteroaryl group R 5 such that when added together with W 1 , W 2 
and W 3 to the group R in compounds of formula (15) the resulting group 
-RW 1 R 5a W 2 or -RW 1 R 5a W 2 R 5b W 3 constitutes the heteroaryl group R 5 ). 

20 

Reactive derivatives of carboxylic acids for use in this reaction include acid 
halides, (e.g. acid chlorides), amides, including thioamides, or esters, 
including thioeslers. Imine salts include for example salts of formula [e.g.- 
C(OAIk)=NH 2 + A\ where Alk is a C^alkyl group and A- is a counterion 
25 e.g. a chloride ion]. 

In this general reaction the reactive functional groups represented by W, 
W 2 or W 3 may be any suitable carbon, nitrogen, sulphur or oxygen 
nucleophiles. Particular examples include simple nucleophiles such as 
30 carbanions [e.g. generated by the coupling of ari alkyl group with an 
organomelallic compound], amino, thiol and hydroxyl groups. 
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c(R 3 )(n' , )C(^ 5 )(n 6 )^ , 



using a reagent R^L. where L is a leaving group. 



(10) 



Leaving groups represented by L include halogen atoms such as iodine or 
chlorine or bromine ntoms or sulphonyloxy groups such as 
arylsulphonyloxy groups, e.g. p-toluenesulphonyloxy. 

10 The alkylation reaction may be carried out in the presence ol a base, e.g. 
an inorganic base sucli as a carbonate, e.g. caesium or potassium 
carbonate, an alkoxide. e.g. potassiurn-t-butoxide, or a hydride, e.g. 
sodium hydride, in a dipolar aprotic solvent such as an amide, e.g. a 
substituted amide such as dirnethylformamide or an ether, 'e.g. a cyclic 

15 ether such as tetrahydrofuran. at ambient temperature or above e.g. 
around 40°C to 50°C. 

Intermediates of formula (18) may be obtained from the corresponding 
protected compound of formula (19): 

ZD 




/ y — c(n 1 )(n < )C(n s )(n f, )n' 

~~ (19) 

wherein X 1 is a protected hydroxy, thio oj amino group using conventional 
procedures (see Green, T. W. L0M- Hius, for example, where X is a t- 
25 butyldimethylsilyloxy group, the required hydroxyl group may be obtained 
by treatment of the protected intermediate with tetrabutylammonium 
lluoride. The protected intermediate of formula (18) may be prepared in 
an analogous manner to the compounds of formula (1) using the reactions 
described herein and appropriately protected intermediates. 

30 
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wherein R 4 and/or R s contains a formyl group, by oxidation with an 
oxidising agent, e.g. potassium permanganate, in a solvent, such as an 
alcohol, e.g. tert-butanol. at ambient temperature. 

5 In a further interconversion reaction, compounds ol formula (1) wherein R 4 
and/or R 5 is substituted by an aminoalkyl group, such as dimelhyl- 
aminomethyl. may be prepared by reductive amination of a corresponding 
compound wherein R 4 and/or R 5 contains a forruyl group, using an amine, 
e.g. dimethylamine. in the presence of a reducing agent, e.g. sodium 
10 cyanoborohydride. il necessary in the presence ol a catalyst, e.g. 
ethanolic HCI, in a solvent, such as an alcohol, e.g. methanol, at ambient 
temperature. 

In another example of an interconversion reaction a compound of formula 
15 ( 1 ) wherein R 4 and/or R 5 is substituted by a formyl group, may be reduced 
to the corresponding alcohol, e.g. where R 4 and/or R 5 contains a hydroxy- 
methyl group, using a reducing agent, e.g. sodium borohydride. in a 
solvent, such as an alcohol, e.g. ethanol, at a temperature from around 
20°C to ambient temperature. The resulting alcohol may then be 
20 converted to the corresponding alkoxy derivative, e.g. methoxymethyl, by 
reaction with an alkyl halide or alkyl sulphonate using the methods and 
reagents described above for the alkylation of intermediates of formula 
(18). 

25 In a lurther example of an interconversion process compounds of foimula 
(1) wherein R 4 and/or R5 contains a carboxamido (-CONHR") or an 
aminocarbonyl (-NHCOR") group may be prepared by reaction of the 
corresponding compound wherein R 4 and/or R 5 contains a -C0 2 H or a 
-NH 2 group respectively by reaction with a carbamate, such as isobutyl 

30 chloroformate or elhyl chlorolormale. in the presence of a base, such as 
an amine, e.g. triethylamine or N-methylmorpholine. in a solvent, such as 
dichloromethane. or a mixture of solvents, e.g. tetrahydroluran and 
dimethylformamide. at a temperature from around -20°C to room 
temperature. 

35 
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In a still lurlher mterconversioi) reaclion. compounds of formula (1) 
wherein IT and/or R 5 is substituted by a -NMCONHR 11 group may be 
prepared by reacting a conesponding compound wherein R 4 and/or R 5 is 
substituted by an amino (-NI l 2 ) group, with an isocyanate. e.g. ethyl 
5 isocyanate. in a solvent, e.g. dichloromethane. at ambient temperature. 

In another example ol an interconversion process, compounds of fomiula 
(1) wherein R 7 is an alkyl group, may be prepared by interconversion ol a 
compound of formula (1) where R 7 is a hydrogen atom by reaction with a 
10 compound R 7 L, where L is a leaving group, for example a halogen atom, 
such as chlorine, in the presence ol a base, for example lithium 
diisopropylamide. in a solvent such as tetrahydroluran. at low temperature, 
such as 0°C. 

15 Compounds of formula (1) wherein R 3 is an OR 9 group where R 9 is an 
alkyl, alkoxyalkyl. formyl or alkanoyl group, may be prepared in another 
example ol an interconversion process by reaction of a compound of 
formula (1) where R 3 is a -OH group with a compound R 9 L (where R 9 is 
as just defined and L is a leaving group as described above), in a solvent. 

20 such a dichloromethane or tetrahydroluran in the presence ol base, lor 
example triethylamine or potassium tert-butoxide. at room temperature. 

In a further inteiconversion process compounds of formula (1) wherein R 9 
is a carboxamido (-CONHR 11 ) or a thiocarboxamido (-CSNHR 11 ) group, 
may be prepared by reaction of a compound of formula (1) wherein R 3 is a 
hydroxyl group with an isocyanate R 1 'NCO or an isothiocyanate R 1 'NCS, 
in a solvent, for example chlorolorm. in the presence ol a base, for 
example diisopropylethylamine. at ambient temperature. The isocyanate 
R 11 NCO and isothiocyanate IT 'NCS are known compounds or may be 
prep&ied in a conventional manner. 

In a further example, a compound ol lormula (1) wherein R 9 is a 
CONR 11 R 12 group may be prepared by reaction of a compound of fomiula 
(1) wherein R 9 is a CONI IR 11 group with a reagent R' 2 L (where L is a 
35 leaving group as described above) in the presence of a base, for example 



I 

WO' 94/14742 



25 



30 



WO 94/14742 



l'CT/(*ll9J/02625 



In another resolution process a racemate ol formula (1) may be separated 
using chiral High Performance Liquid Chromatography, for example as 
described in the Examples hereinafter. 

5 

Alternatively, if desired a particular enantiorner may be obtained by using 
an appropriate chiral intermediate in one of the processes described 
above. Thus, for example, the procedure and chiral intermediates 
described herein for the preparation of (+)-2-[2-(3-cyclopentyloxy-'l- 
10 methoxyphenyl)-2-phenylethyl]benz[d]oxazole (see Example 35) may be 
readily adapted to provide particular enantiomers of the invention. 

The following examples illustrate the invention. The following 
abbreviations are used: DMF - dimethylformamide; THF - tetrahydro- 
15 furan; DME - dirnethoxyethane; EtOAc - ethyl acetate; Et20 - diethyl- 
ether; EtaN - triethylamine; BuLi - butyllithiurn; LDA - lithium 
diisopropylarnide; EtOH - ethanol; RT - room temperature. 

All M-lnmr spectra were obtained at 300MHz unless specified otherwise. 

20 

INTERMEDIATE 1 

3-CyclQP9ntYi9XY^ n)gthg^yb entalUeliYU9 

CS2CO3 (21 4g, 0.66mol) was added to a mixture of 3-hydroxy-4- 
rnethoxybenzaldehyde (100g, 0.66rnol) and cyclopentyl bromide (98g, 

25 0.66mol) in anhydrous DMF (500ml). The reaction mixture was stirred at 
RT for 16h then treated with a further portion of cyclopentyl bromide (98g, 
O.GGmol) and Cs 2 C0 3 (214g, O.GGmol). After a further Oh at RT, the 
mixture was filtered and concentrated in vacuo . The residue was 
dissolved in CH2CI2 (300ml) and washed with NaOH solution (10%; 

30 2x1 50ml). The organic layer was dried (MgSO*), concentrated in vacu a 
and distilled (150°C, lO ^nbar) to afford the title compound (130g) as a 
viscous colourless oil. 5h (CDCI3) 1.5-2.0 (8H, br in, CU2U), 3.87 (3H, s, 
OMe), 4.80 (111, br m, OCHCII2), 6.90 (1H, d, J 8.7Hz, AtH oitho to OMe), 
7.30-7.45 (2H, in. 2xArH mela to OMe), and 9.77 (111, s, ArCHO). 

35 

INTERMEDIATE 2 
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a) (3-CvcloueiUvloxv-4-metluixy plieiiYl)phgnYlkPtnnp 

Plienyllilhium (1.5M in ether-cyclohexane, 33.5ml. 5Uiuriiol) was added 
dropwise to a solution of Intermediate 1 (10.0g. 45.4mmol) in Tl IF (50ml) 
at about -55°C. The reactioti mixture was allowed to warm to PIT 
5 overnight then diluted with water (100ml) and extracted with Et 2 0 
(3x50ml). I he organic extract was washed with aqueous MCI (1%, 70ml). 
brine (100ml), then diied (MyS0 4 ), and concentrated in vacuo to allord JL 
L3jLcy_GlQttgjQly^ ( ia.4tj) as a white 

solid, rn.p. 82.5-83°C; 5h (CDCI 3 ) 1.5-2.0 (8M. br. m. (Ctb) 4 ). 2.30 (111. 
10 br. s. OH), 3.77 (311. s. OMe). 4. GO (111. br. in. OCLiCM 2 ). 5.77 (III. s. 
CMOM). 6.75-6.85 (3M. m, AiH ortho to OMe + 2xArti meta to OMe). and 
7.15-7.4 (5H. m. C 6 M 5 ); Ul/Z 298 (M+ 20%). 230 (50). 151 (30). 125 (100). 
124 (33), 105 (30), and 92 (22). 

The alcohol (prepared above) (13.4g. 44.8mmol) was dissolved in CH 2 CI 2 
15 (150ml) and treated with M11O2 (22g). The reaction mixture was 
vigorously stirred at RT lor 10h then treated with a further portion ol Mn0 2 
(20g). More Mn0 2 (20g) was added alter 10h and the mixture stirred for 
10h then filtered through Celite® and concentrated in vacuo. The residue 
was recrystallised from EtOM to afford the title compound (11.27g; two 
20 crops) as a white crystalline solid rn.p. 59-75°C; 8h (CDCI 3 ) 1.5-2.1 (8H. 
br, m, (Ctb)4), 3.08 (3M, s, OMe), '1.00 (111, br m, OCtiCH 2 ). 6.83 (111, d. 
J. 8.5 Hz, Artl QilbQ to OMe). and 7.25-7.8 (7H. m, 2xArM tneta to OMe + 
Cetls); 01/1296 (M+ 11%), 229 (17). 228 (95). 152 (12), 151 (100). 105 
(30). 77(21). and 41 (10). 

25 

b) P-CxcJu»J Cl)tVluxv^-inGtliuxv» lieiivl)(2-iiiettioxvutioiiyl)knt t )iip 

From Intermediate 4 (1.35g, S.Omrnol) and 2-methoxybenzaldehyde 
(0.68g, 5.0mrnol). Chromatography (Si0 2 ; EtOAc/hexane. 1:1) afforded 
the iille_j^miCQUjlii (143g) as a white solid (Found: C. 73.53. H, 6.06. 
30 C 20 H 22 O4 requires C, 73.00; I I. 0.79%); m/z (El) 326 (M+. 28%). 250 
(65). 241 (82). 151 (67). 130 (32). 135 (100). and 121 (45). 

INTEHMEDIATE 3 
5-Bronio-2-inetlioxvutieiKil 

35 A solution of 5-bromo-2-methoxybenzaldehyde (lOOg, 0.46mol) in CMCI3 
(250ml) was cooled with on ice bath and 3_-chloropRroxybenzoic acid (50- 
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60% purity) (146g. 0.51mol) in CHCI3 (1000ml) added. The reaction 
mixture was allowed to warm slowly to room temperature and stirred lor 
72h. The white solid was filtered oil and the filtrate concentrated in vacUQ- 
The residue was dissolved in Et 2 0 (200ml) and washed with 1M sodium 
5 sulphite solution (2x200ml) then NaHCC>3 [hall saturated] (3x200ml). The 
ether layer was washed with 10% aqueous NaOH (3x1 00ml) and the 
combined basic extract was acidified with concentrated hydrochloric acid 
and extracted with Et 2 0 (3x100ml). The combined organic extract was 
dried (MySO*) and florisil (10g) filtered and the solvent removed under 
10 reduced pressure to give the title compound (90y) as a pale browti solid. 

INT ERMEDIATE 4 
4-Bromo-2-cvctopemvluxvatiisu!e 

Intermediate 3 (90y)was dissolved in DMF (300ml). and treated with 
15 CS2CO3 (158g, 490rnmol), and cyclopentyl bromide (73g. 52.5ml, 
490mmol). Alter stirring overnight, further CS2CO3 (35g, 107mmol) and 
cyclopentylbromide (12ml, 16.7g. 112mmol) were added and stirring 
continued lor 2h. Further portions ol cyclopentylbromide (10ml) and 
CS2CO3 were then added (14g). After stirring for 1h. the DMF was 
20 evaporated in vacuo and the residue diluted with water (200 ml) and 
extracted with Et20 (3x1 00ml). The combined organic extract was washed 
with NaOH solution (5%, 2x100ml), water (100ml). then dried (MgS0 4 ) 
and the solvent evapoiated in vacuo to give a red oil which was distilled 
(140°C. 0.3mbar) to afford the title compound (101g) as a colourless oil 
25 (Found: C. 53.11; H. 5.53. C, 2 Hi5Br0 2 requires C. 53.15; 1 1. 5.50%). 

INT ERMEDIATE 5 

a) &£xclQP^ylS^^-^ 

n-OuLi (1.45M in hexanes; 19.6ml. 20.4mmol) was added dropwise at 
30 -70°C to a solution ol Intermediate 4(7. Og, 25.Gmmol) in Tl IF (50ml). 
After stirring for 0.25h. a soluiion ol 4-cyanopyridine (3.08g, 29.7mmol) in 
THF (15ml) was added and maintained at -70°C for 0.75h. The reaction 
mixture was then allowed to warm to -10°C and quenched with aqueous 
MCI (10%; 60ml). The mixture was slined lor 0.5h. basified with aqueous 
35 NaOH (10%, 70ml), and extracted with Et 2 0 (3x70ml). The extract was 
washed with brine (100ml), dried (MgSOn), and concentrated /n_vaeyji 
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The residue was subjected to chromatography (Si02; EtOAc/hexane, 4:1) 
to afford the Mej^imiQund. (6.34y) as a while powder. 5h (CDCI 3 ) 1.5-1.9 
(Oil. br 111, (CLbM. 3.90 (311. s, OMe), 4.02 (111. br in, OCHCII 2 ). 6.04 
(IN, d. J. 0.4 Hz. ArH pHljo. to OMe) 7.29 (111. dd. d 0.4. 2.0 Hz, ArH usm 
5 to cyclopentyloxy). 7.4-7.55 (311, m, ArH orlho to cyclopentyloxy + 
pyridine Lb, Lb), and 0.73 (2H. dd, J 4.4 Hz. 1.5 Hz, pyridine Lb, Lb). 

u) (3-CvcloDentvloxv-4-me^ioxyplien vlH4-nietlivlDheiivl)ketoiie 



Prom Intermediate 4 (2.7 1g. 10mmol) and 4-methylbenzonitrlle (1.17g, 
10 10mmol). Chromatography (Si0 2 ; Et 2 0/hexane. 1:1) afforded the title 
compound, (1.00g) as a white solid; 6h (00MHz; CDCI3) 1.5-2.1 (OH, br in, 
(CLb)4). 2.44 (3H. s. ArMe), 3.92 (3II, s, OMe), 4.83 (111. br m, OCLD. 
6.87 (1 H. d, J 0.3 Hz, ArH. <ailtiQ to OMe), 7.27 (2H, d. i 8.0 Hz, ArH ottho 
to OMe), 7.36 (111, dd, 0. 0.3. 2.0Hz, ArLiuaia to cyclopenlyloxy), 7.43 
15 (1H, d, J 2.0Hz, ArH ottho cyclopentyloxy), and 7.68 (2H, ca d.'J. 0.0Hz. 
ArLl lllfila to Me). 

c) t3z£^clQ oentvloxV"1-inetfioxvDhenvH(4-nielhoxvplienvnketo ne 

From Intermediate 35 (2.17g. lO.Ommol) and 4-bromoanisole (1.82g. 
.20 lO.Ommol). Chromatography (Si0 2 ; EtOAc/hexane, 1:1) afforded (he UlJe 

CQfTIPaund (2.88g) as a white solid; 8n (80MHz; CDCI 3 ) 1.45-2.05 (BH, br 

m, (CLbM. 3.90 (3H, s, OMe), 3.94 (3H. s, OMe). 4.83 (1H, br m, OCH), 

6.90 (111, d, J. 8.5Hz. ArH meta to cyclopentyloxy), 6.94 (211, oa^d, Jca. 

8.3Hz. Arid mela to OMe). 7.35 (1H. dd. J 8.5, 2.0Hz. ArH. p_aia to OMe). 
25 7.40 (1H, d, J 2.0Hz, Arid ortho to cyclopentyloxy), and 7.80 (2H, qsl <J, J 

0.3 Hz. Arliojllia to OMe), m/z. (El) 326 (M+, 35%). 259 (35), 250 (97). 

227 (40), 151 (00), 135 (100). 77 (22). and 41 (20). 

<J) (^Cvcfopentvloxv-n-metlioxyplpMYDO-metlioxy phenvDketo ne 

30 From Intermediate 34 (2.17g, lO.Onunol) and 3-bromoanisole (l.02y, 
lO.Ommol). Chromatography (Si0 2 ; EtOAc/hexane, 1:1) afforded the UlLe 
compound (2.87g) as a white solid (Found: C, 73.60; I I. 6.73. C20H22O4 
requires C. 73.C0; H. G.79%); m/z. (El) 327 (M+ -» 1.15%). 326 (M+ + G7). 
259 (42), 250 (90). 241 (10). 227 (10). 152 (20). 151 (100). 135 (40). and 

35 03(17). 
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6.56 (111. s. C=CH), 6.57 (1H, dd, J 8.4. 2.0 Hz, ArH liaia to cyclopentyl- 
oxy). 6.68 ( 1 H. d. J 8.4 Hz. AiH ortho to OMe). 7.3-7.45 (5H.m, CgHjj). and 
0.37 (21 1, s. pyridine IJ?., LIg). 

5 e) (E ) and(Z) isomers of 3-f2-(3-CvcloDentvloxv-4-meUiQXV 
plienvn-2-plieiiyletlienvllpvrldazltie 

From the compound of Example 7b (4.0g). Purification by chromatography 
(Si0 2 ; fitzO) afforded the title compound (2.07g) as a pale yellow nolid 
(Found: C. 77.59; I I. 6.49; N. 7.24. C24H24N2O2 requires C. 77.39; I I. 
10 G.50; N. 7.52%); 5|| (CDCI3) 1.5-1.9 (01 1, br m. (ClJzU), 3.00.3.90(311. 
s. OMe). 4.58. 4.70 (111. br m. OCJJ). 6.6-7.5 (1 111. m. C6ld5+C 6 l±3+C=CU 
+ pyridazine H4. i±5+ ). and 8.85-8.90 (1H. m. pyridazine Ho) (Tlnmr 
indicates a 3:2 E/Z ratio); m/z_ (ESI) 396 (M_++1+Na. 57%). 395 
(MN-Na.100). 374 (66), 373 (70), and 305 (16). 

15 

I) (E) nnd(Z) Isomers ul 2-f2-<3-CvclQPentvlQXV-4-1neM iqxv 
pheiivl)-2-plienvletlienyl)-4-metlivl»vrldliie 

From the compound of Example 7c (1.15g, 2.85mmol). Purification by 
chromatography (Si02; ElOAc) afforded the title compound (1.2g) as a 
20 pale yellow solid; 6h (CDCI3) 1.4-1.9 (8H. br m. (CLbM. 2.04 (major), 
2.09 (minor) (3H. pyridine Me), 3.85 (major). 3.88 (minor) (3H, s. OMe). 
4.58 (minor, 4.72 (major) (1H, br m, OCLL), 6.4-7.5 (11H, m. 
C 6 Ll5 i-CcLb+pyridine JJ 3 . Li 5+ C=CLi). 8.5-8.55 (111. m. pyridine Ho). 
'I -In.m.r indicates a 2:1 E/Z ratio. 

25 

g) (E) and IZ) is omers of 4-r2-(3-Cvclooentvloxv-4-metlioxv 
uhenvD-2-uhetivletlienv ll pvriinldine 

From the compound ol Example 7d (2.55g). Purification by 
chromatography (Si02; Et 2 0) afforded the title compound (1.20g) as a 
30 pale yellow foam; 5h (CDCI3) 1. 5-2.0 (OH. br m. (CLhh). 3.08.3.90 (31 1, 
s. OMe), 4.00. 4.70 (1H, br in. OCLL), 6.44. 6.64 (111. d. J. 5.2Hz. 
pyrimidine H5). 6.65-7.0 (311. in. C G !±3). 7.2-7.45 (611. m. Colis i C=CH ). 
0.26, 8.32 (111. d. J. 5.2Hz. pyrimidine H 6 ) . and 9.10. 9.12 (1H. ca s. 
pyrimidine H.2)- 

35 

1 1 ) (E) and (Z) Isomers of 4-[2-(3 -CvclOtJentYloxy-4-methpxi 
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phenyJJtZdadUSili 0 ^^ 
From the compound ol Example 2b. Chromatography (Si0 2 ; ElOAc) 

allorded the title compound as a yellow oil (0.90g). 

t? i t? iiy|)-2.f2-H»ettioxvphenyi)fffhenvllpyrldti»g 

Fro(n the compound ol Example 2c. Chromatography (Si0 2 ; ElOAc) 
nflorded the tille_cjaii)JQ.UJld. as a yellow oil (0.75y). 



10 !M£BMEI21AIE_Q 

(PjjuifljK) I snmgra of 4-ri-(3-CvclonpntVlOXY-4-HW UlPXVPng»YJJb2=14 = 

pyrtrlyl)Btlienvll pyridine 

A mixture of Intermediate 6 (0.40g.1.58mmol), CS2CO3 (0.56g,1.73mmol). 
and cyclopentyl bromide (0.2Gg, l.743mmol) in UMI- (20ml) was stirred at 

15 RT overnight. A further portion of Cs 2 C0 3 (0.20g,0.61mmol) and 
cyclopentyl bromide (0.28g, I.OGmmol) was added, the mixture stirred lor 
1.5h.then concentrated ulwwq. The residue was subjected to chromato- 
graphy (Si0 2 ; EtOAc/CHaOI I/EtgN, 100:1:0.4) to afford the tit l e compound 
(0.42g) as a white solid, m.p. 136-138°C (cyclohexane); 8h (CDCI3) 1.5- 

20 2.0 (8M, br m (CLbh). 3 04 (31 1, s, OMe), 4.65 (HI, br m OCUCH 2 ). 6.7- 
6.9 (6H, rn, ArH ortfio to OMe+2xAr|± UlSia to OMe+C=CH + pyridine 
H3.IJ5 ). 7.08 (2H, dd, a 4.5, 1.5 Hz, pyridine pyridine Us"). 8.32 (211, 
dm. J 5.0 Hz pyridine H2. Llo). and 8.55 (211. dd, J 4.5. 1.5Hz. pyridine LI2'. 
do')! mil 372 (M+2B%). 305 (37), 304 (100). 303 (95). 275 (18), and 41 

25 (18) 



im£Il!V]El2!ME_9 

1-(3-Cvclope|itylox y-4-metlioxvp lieiivJ)2lJJiJ.enyleUl9ne 

To a cold suspension (0°C) of methyl triphenylphosphonium bromide 
30 (53.6g; 0.15mol) in THF (500ml) under a nitrogen atmosphere was added 
n-BuLi (1.6M in hexanes; 94ml. 0.15mol) dropwise and the reaction 
mixture stirred at 0°C lor Hi. A solution ol Intermediate 2 (29.6g, 0.1 mol) 
in THF (100ml) was added dropwise and the stirred reaction mixture 
allowed to warm to HT over 3h. The mixture was poured into 10% NI UO 
35 solution (G00.nl) and extracted with CH 2 CI 2 (2x500rnl). The combinet 
organic layer was dtied (MySO.,). filtered and concentrated ' he 
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residual slurry was triturated with hot hexane (500.nl). the precipitated 
phosphine ox.de filtered olf and the (Urate evaporated umm ^ Y'e Id the 
U^l^M (28.05g) as a yellow oH. 6h (CDCb) 1.5-2.0 (8H br m 
(CtlaM) 3.05 (311. s. OMe). 4.71 <IM. br „.. OCU). 5.30 (2H. dd. J. lO.o. 
1 .3Hz. C=CI l 2 ). G.75-6.9 (31 1, rn. CoLb). and 7.3-7.5 (51 1, in. CoLls) • 



IfjTFqimFniATE 10 

a) tBjsudjGXIssmiar^ 

^hgnylj-ZjjijlRnYletlienYll UhSSM 
10 A mixture of Intermediate 9 (2.94g. lOmmol). 4-bro,nophenol (2.1 6g. 
12.5mmol). Et 3 N (2.52g. 25mmol). tri-Q-to.yl phosphine (0.06g 0.2, rnmo.) 
and palladium acetate (0.022g. O.lmmo.) was heated in a bomb at 140 C 

• lor 16h. Upon cooling, the reaction mixture was diluted w.th NH4CI (10* 
50ml) and CH 2 C 2 (50ml). The organic «ayer was separated and the 

1 5 aqueous layer extracted with CH 2 C 2 (50ml). The combined organ* layer 
< was dried (MgSCfc). filtered and concentrated. Purification by column 

• chromatography (SiC,; hexane,Et 2 0.1:1) V*)™ ^ 

. mixture of isomers) (O.Bg) as a yellow loan, 5 H (UUC1 3 ) 1 .2-19 (BH br m 
! (CLfe)<) 3.81. 3.83 (3H. s. OMe). 4.59. 4.69 (1H. br m. OCtU. 5.5. 5 63 
20 ■ (1H br s. Otl). 6.55-7.0 (OH. n, C^C^CM, and 7,5-7.35 <5H 
m Cells) (N B. •Hn.rn.r. indicates ca 1:1E/Z mixture of isomers); ra/z (ESI) 
410 ( M + + 1 + Na.18%). 409 (W+Na.100) 307 (W+1. 62). 319 (38). 318 
(22). 301 (19). 236 (22). and 135 (20). 

25 The following compounds were prepared using a similar procedure: 

: b) (BjmdJBll^^ 

pti^iiYn-2-oliq«w'e»ie"vllbeiiZi?iiLa^ 

From Intermediate 9 (2.94g. lOmmol) and 3-bromobenzoic acid (5 03g 

30 25mmol). Hurificalion by column chromatography lSiO 2 ;10%. CH3OW 

CH2CI2I furnished the MZJXmmwtiS. (2g) as a viscous yellow oil. 5„ 

(CDCI 3 ) 1 -45-2.0 (8H. br m. (Ctb)*). 3.86. 3.07 (3H. s. ONLe). 4.55 4.7 

(1H br m OCH). 6.65-8.25 (13H. m. Cetls+Cetln+CerJa+C-CIJ). (C0 2 U 

not observed) (N.D. •Hn.rn.r. indicates c* 1:1E/Z mixture of isomers); m/Z 

35 (ESI) 437 (M++23. 60%). 301 (G7). 201 (100). and 259 (52). 
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c) (F) mid (Z) isotiters_MiH2j[3 J ^^e^^ 
ntieiivl)-2-Dt p"Y'P»l»e"vHanii;ule 

From Intermediate 9 (1.19g. 4.04mmol) and 4-bromoanisole (0.757g, 
4.05mmol). Purilication by column chromatography (Si0 2 ; hexane/El 2 0. 

5 4:1] furnished the tiUe_cj20ii2citniiS (0.70g) as a yellow oil. fin (CDCI 3 ) 1.5- 
2.0 (Oi l. br in, (CLb) 4 ). 3.72, 3.73 (311, s. OMe). 3.02, 3.06 (3H. s. OMe). 
4.58, 4.67 (111. br m, OCU), 6.6-6.9 (611, m. CcLla +2xArll flTillfl lo 
OMe i C=CU). G.93, 7.00 (211. d. 4 0.5Hz. 2xAiH_ lJJJ?.la to OMe) and 7.15- 
7.35 (5H. m. Cetb) (N.B. 'Hn.m.r. Indicates ca 1:1E/Z mixture of isomers); 

10 ai/Z (ESI) 424 (M + +1+Na. 20%). 423 (M + +Na. 100%), 374 (12). 201 (20). 
190(12). 132(12) and 86(12). 

d) (F) and (Z) Isomers of Methyl 4-T2-(a=CYfilai »mYlPXY-4= 

U£!Jj^Ph?nYl>- 2 -P he ' lvtettlRnvllljg " watg 

15 From Intermediate 9 (2.94g, lOrnmol) and methyl 4-bromobenzoate 
(2 69g, 12.5mmol) to allord the lillfl compounds (3.35g) as a yellow gum; 
S H (CDCI3) 1.4-2.0 (Oi l. br m. (Ctb) 4 ). 3.86, 3.87 (6H. s. OMe+C0 2 Me), 
4.54, 4.67 (1H, br m. OCHJ. 6.6-7.4 (11H. in. C 6 Ll5+CGLl3+C=CLl+2xArti 
Uiela to C0 2 Me). and 7.75-7.05 (211. m. 2xArU QllllQ to C0 2 Me) (N.B. 

20 'Hn.m.r. indicates ca 1:1E/Z mixture ol isomers); mfe (ESI) 429 (M + +1+Na. 
28%), 362 (18). 361 (28). 330 (70), and 329 (68). 

e) lOJMldJLZjLi^ 
plienvn-2-t3h»» Y lBihciivi)uvrtdiiie 

25 From Intermediate 9 (1.00g, 3.4mmol) and 3-bromopyridine (1.28g, 
8.1mrnol). Purilication by chrornatorgaphy (SiO?: Et 2 0) allorded the tilie. 
compound (0.50y) as a pale yellow gum; 6 H (CDCI3) 1.45-2.0 (OH. br m. 
(CU 2 )4). 3.85 (major). 3.07 (minor) (3H. s. OMe), 4.55 (minor). 4.69 
(major) (1H. br m, OCHJ. 6.65-7.5 (11H, in, C G H5+C G l±3+pyridine LI4.LJ5+ 

30 C=Q). and 0.2-0.45 (2H. rn, pyridine H^ldo)- 

INTFnMEDIATE 11 

(E) and (Z) ispmprc; ni 4.l2-(3-Cvcto» Rnt Y» oxY-^nietHoxvphenYl)-2 ^ 
phonyiPtiiRnyl) acetoxvbenzeiie 

35 To a stirred solution ol Intermediate 10a (0.2g. U.52mmol) in CH 2 CI 2 (5ml). 
under a nitrogen atmosphere, was added Et 3 N (O.IOIg. 0.14ml. Immol) 
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wi,h cH2C ; 2 - ^s^^SJi* 

5 and the solven. removed BUMO ^ ^ (3M 

sssskssbkw , ... » »■ - ■» 

10 (-10). 127 (00) and 55 (5-1). 

IBjBiOlZUaaiiHBLaUaaUi^ 

(20 m.) was added SOC* 0.35^.0 „„ 

extracted with CH 2 CI 2 I20mt|. d hB ^ 

( MgSO„. Uttered and the solvent evaporated 
^WWrt ,0.2158) as a ye.low 0,1. 5h (CDC W M 2 ^ ^ 
3.82. 3.83. 3.84. 3.05 ,6H. s. OMe ; ♦ <™*%£ ^ ( .,..n ,,, tnd.ca.es 
and 6.B5-7.B5 „3H. m. ^W***^^ 36 , (22) . 32 9 

V.1E/Z mixture of isomers); m/z (ESI) 429 I Dfl + 
(100). 159 (12). 102 (15). and 60 (75). 



15 



20 



25 



30 



35 



A mixture ol Intermediate 1 (26.62y. 0.1^ I » 

,,9.920. 0.12n,ot. 1eo.) and ammonium ^a e.ae , .HM3 a J. ^ ^ 

g ,ac,l acetic ac.O (200.nl, wo* « ^ <^ ^ ^ 

The solution was cooled to Rr and «« ion 10 „ n 
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3,5-Dichloropyridine (2.(Mg, 13.5mmol) in THF (5ml) was added dropw.se 
to a solution ol LDA prepared from diisopiopylamine (1.9ml. 13.5mmol) 
and u -BuU (1.6M; 0.4ml. 13.5mmol)| in THF (25ml) al -70°C. Alter stirring 
at this temperature for 5 min. iodomethane (0.05ml. 13.5 mmol) was 

5 added and the reaction mixture stirred lor a further 1.5h al -70°C. 
Saturated Nal ICOg (20ml) and CH 2 CI 2 (20ml) were added, the organic 
phase separated, dried (MgS0 4 ), and concentrated ULXacUQ. The residue 
was subjected to chromatography (Si0 2 ; Et 2 0/hexane. 1:3) to allord the 
UUajamiPJMld-il.ieg) as a pale yellow solid. 6,1 (CDCI3) 2.4G (31 1, s. Me). 

10 and 8.3G (2H, s. pyridine U2, hlo)- 

imtf piviediahz 16 

pjLOUeHQflte. 

15 A mixture of Intermediate 1 (109.8. 499.1mmol), diethyl malonate (79.96. 
499 immol). piperidine (2.5ml) and CH3CO2H (12ml) in toluetie (700ml) 
was heated to reflux in a Dean-Stark apparatus lor 20h. Further portions of 
diethyl malonate (9.Gg. 59.9mmol). piperidino (2.5ml). and CH3CO2H 
(12ml) were added and heating continued as belore lor 15h. The reaction 

20 mixture was concentrated injcasilQ to allord the li l l fl compound . (21 7g) as 
a brown oil. 8h (CDCI3) 1.33 (6H. t. J. 7.1Hz. 2xC0 2 CH2Me). 1.5-2.05 (81 1, 
br m. (Ctl2) 4 ). 3.88(3H. s. OMe). 4.30 (211. q, J 7.1Hz. COaCLbMe). 4.36 
(2H. q. JL 7.1Hz. C0 2 Chl2Me), 4.73 (1H. br m. OCH). 6.85 (1H. d. J. 8.1Hz. 
ArldfllltlQ to OMe). 7.0-7.1 (211. m. 2xAr{iweia to OMe). and 7.63 (1H. s. 

25 HC=CC0 2 Et): 



INTERMEDIATE 17 

ni^^yl24(3-Cvclo»e»itvl uxv^MiieUiO AJUlllgji^ 
JJjLdiflale. 

30 Phenylmagnesium bromide (1.0M. in THF;340ml. 340mmol. 1.29eq) was 
added over 1.5h to a solution of Intermediate 16 (95.6g. 264mmol) in THF 
(200ml) at -G0°C and stirred at this temperature lor a further 5h. Hie 
reaction mixture was allowed to warm to -20°C. quenched with 10% 
aqueous NH4CI (200ml). then extracted with EtOAc (3x100ml). I he 

35 extract was dried (MgSO„). co. ;;;entrated fojfflGKfl. U » residual brown oil 
dissolved in ElOH and allowed to crystallise overnight to afford the m 
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compound (74.9g) as a white solid, m.p. 97-98°C. 5n (CDCI 3 ) 1.01 (6M. t. 
j 7.1Hz, COgCI-lzMe). 105 (3II, t. J 7.1Hz. COgCHzMe). 1-5-2.0 (OH. br 

rn. (C]±>Uh 3.77 ( 3H - s - °^ e >- 3 - 9 " 4 - 1 (4H( m * 2xC °2 c iJ2 Me )' 4 26 ( 1Hl 
d. J 12.1Hz. CHCHC0 2 EI), 4.G7 (111. d. J 12.1Hz. CHCI IC0 2 EI). 4.71 
r, (III. br in. OCH). R.7-6.85 (311. m. CoLia). and 7. 1 5-7.35 (5H. m. C 6 Hr,). 

IMTFRMEDIATE 18 

^.(.q.nyclo pentvto ?TY-4-'"» t »'" y YP llp "Y i M-P»»e"v'ProPa" olcacil< 

A mechanically stirred solution of Intermediate 17 (70.3g. 0.160mol) in 
10 NaOH solution (0M; COOml) and dioxane (GOOml) was heated to rellux lor 
7h. The reaction mixture was cooled, concentrated hydrochloric acid (about 
400ml) added dropwise to pH4 and heating carried overnight to give a 
homogenous solution. The dioxane was removed in vacuo and the mixture 
partitioned between CH 2 CI 2 (500ml) and H 2 0 (500ml). The organic layer 
1 5 was separated and combined with further CI l 2 CI 2 extracts (3x150ml). The 
extract was dried (MgS0 4 ) and concentrated jn vacyp to give the iilifi 
ciffliHOUIisl (55g) as a yellow solid. 5 H (CDCI3) 1 .5-2.0 (8H, br m, (C\hU). 
3.04 (2H. d, J7.9HZ, CHCU2CO2H). 3.80 (3H. s, OMe). 4.45 (1H, t. i 7.9Hz 
CLiCH 2 C0 2 H), 4.70 (1H, br m. OCH). 6.7-6.0 (3H. m. C0U3), and 7.15- 
20 7.35 (5H, m, C G \±) (N.D. CO2JJ. not observed). 



IMTFRMEDIATE 19 

n. (n.CvclQuentvloxv-4-tiielhoxvnlienvn-3-DH fltivtprouanovl chloride 

SOCI 2 (14.8ml, 24. 1g, 3eq) was added to a solution of Intermediate 10 
25 (23.0g, 67.5mmol) in CH 2 CI 2 (250rnl) and then heated to rellux for 6h. 
The reaction mixture was allowed to stir at RT overnight then concentrated 
in vacuo to afford the UtJe_cimiojjM (23.7g) as a dark brown oil. 5 H 
(CDCI3) 1.5-2.0 (OH. br rn. (ClbJi). 3.02 (211. d. J 0.0Hz. CIICH2COCI). 
3.02 (3H. s. OMe). 4.5G (111. t. J 0.01 Iz. CMCHjjCOCI). 4.73 (111. br m. 
30 OCH), G.7-6.0G (311. m. C G Li 3 ). and 7. 1 5-7.4 (511. m, C G Us). 



IMTFflMEDIATE 20 

c;.f^ Y r.lon e ntvloxv-4-inethoxvP »'Ptivl^-1-t2-(t.3-dloxolanyl)l-5- 

phpn Yl»3-Dentanone 

35 A solution of the Grignard reagent (1.0M in THF. 29ml. 29.0mmol. 1.2eq) 
(prepared from 2-(2-brornoethyl)-1.3-dioxolane (5.25g. 29.0mmol) and 



I 
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magnesium (10.0g, 33inmol)) was added dropwise al -70°C to a solution 
ol Intermediate 19 (0.7g. 24.3mmol). in Tl IF (200ml). The reaction 
mixture was stirred at -70°C for 0.5M. allowed to warm to RT over 1.75h 
then partitioned between Et20 (200ml) and aqueous NaOH (1M: 100ml). 
5 The organic layer was separated and combined with a further EI2O extract 
(150ml). The extract was washed with brine (50ml), dried (MgSO*) and 
concentrated in vacuo . Purification by column chromatography (SiC>2; 
20% EtOAC/hexane) furnished lha title compound (3.95g) as an off-white 
waxy solid, m.p. 60-62°C. b\\ (CDCI 3 ) 1.5-2.0 (10H, br m, (ClteU + 
10 CU2CH2CO), 2.46 (2H, t. 1 7.5Hz, CH2CJJ2CO), 3.13 (2II, d, J. 7.6Hz. 
CUCH2CO), 3.7-4.0 (4H, ni. 0(CLJ2)20), 3.70 (3M. s, OMe), 4.53 (111. t, J 
7.6 Hz, CLICH2CO), 4.60 (1H. m, ArOCHJ. 4.00 (1H. 1. 1 4.3Hz, OCH.O). 
6.65-6.0 (311, m. CoLb). and 7. 1-7.3 (5H. m, C 6 hls)- 

15 INTERMEDIATE 21 

R-(3-C ycloDcntvloxv-4-metlioxvu liBiivlM-oxo-0-olienvM-h9WHPl 

A solution of Intermediate 20 (OOOmg) in a mixture of aqueous HCI (2Mj 
5ml) and THF (15ml) was healed at about 45°C for 1.5h. The reaction 
mixture was concentrated to low volume (about 5ml) and partitioned 

20 between Et 2 0 (50ml) and H 2 0 (10ml). The organic layer was separated 
and combined with a further Et 2 0 extract (30ml). The extract was washed 
with saturated NaHC0 3 (40ml), then brine (10ml), dried (MgSCU) and 
concentrated in vacuo . The residual orange oil was subjected to 
chromatography(Si02; Et20-hexane) to afford the iill6LCSII112aun£t (450mg) 

25 as a pale yellow oil. 8m (CDCI3) 1.5-2.0 (OH, br m, (ClhU). 2.6-2.7 (4II. 
m, CH2CH2CHO). 3.19 (2H. d, 1 7.6Hz, CHCH2CO). 3.79 (3H. s, OMe). 
4.52 (1H, t. J 7.6Hz, CHCI I2CO). 4.70 (1H. br m. OCli), 6.7-6.0 (3H, m. 
ArH ortho to OMe + 2x ArH [iieta to OMe), 7.1-7.3 (5H, m, Col ls). and 
9.71 (111. s. CH 2 CHO). 

30 

INTERMEDIATE 22 

Ethvl 5-(3-Cvcloi 7°" t Y' t , 1< Y- d - tn ? ll> 9 1c YP tienvn - 3 - oxo - 5 - 
ptienvl uemanoa te 

n-BuLi (1.GM in hexanes; 29.3ml. 46.9mmol. 4.2eq) was added dropwise 
35 al -50°C to a solution ol potassium ethyl malonate (2.95g. 22.3mmol. 
2.1eq) in THF (COml). The reaction mixture was allowed to warm to -10°C, 
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stirred lor 10 min. then recouled to -G5°C and treated dropwise with a 
precooled solution ol Intermediate 19 (4.0g. 11.1mmol) in THF (20ml). 
The reaction mixture was stirred at -G5°C lor 20 min. then poured into a 
stirred mixture ol Et 2 0 (100ml) and aqueous HCI (1M; 150ml). Alter 0.5h. 
5 the oryanic phase was separated and combined with further Et20 extracts 
(2x75tnl). The extract was dried (MgSCM). concentrated in vacuo, and the 
residual oil subjected to chromatography (SiC>2; 40% Et20-hexane) to 
allord a colourless oil (3.4g) which crystallised on standing to give the UUfi 
compound as a white solid, m.p. GG-50°C (EIOI I). 5u (CDCb) t.24 (3l I. 1. 
10 J. 7 Hz. C0 2 CH2Me), 1.5-1.9 (01 1, br rn, (CLk)*), 3.27 (211. d J. 7.5Mz. 
CI ICLI2CO), 3.33 (211. s. CJJ2CO2EI), 3.79 (311, s, OMe). 4.14 (2H, q. J. 7 
Hz. C0 2 CH2Me). 4.52 (1H. t. J. 7.51 Iz. CtlCM 2 CO). 4.G9 (111. m, OCH), 
G.7-6.0 (311. in. CoLb), and 7.1-7.35 (511, m. CoLls). 



15 INTERMEDIATE 23 

( 1 ) / H ?- (3-l lvdroxv- 4-inethoxv uliui w l) -2-»liQI wte UlVlluyikillie 

The compound ol Example 3a (430mg) in dioxane/water (20ml: 10ml) 
containing concentrated H2SO4 (10ml) was heated at 90°C lor 1h. Ihe 
reaction mixture was cooled, neutralised with aqueous NaHC0 3 then 

20 concentrated in vacuo . The residue was partitioned between EtOAc 
(25ml) and H2O (15ml), and the organic phase separated. The extract 
was washed with brine (25ml). dried (MgSCM) and concentrated in vacu Q. 
The residue was recrystallised (EtOM) to afford the title cgmpoUllU 
(240mg) as an olf-white crystalline solid m.p. 195-1 97°C (Found: C. 

25 70. GG; II. G27; N. 4.59. C 2 olligN0 2 requires C. 70.G4; II. G.10; N. 
4.42%); 5 H (CDCb) 3.30 (21 1, d. J. 0 Hz. CI ICU2). 3.0G (311. s. OMe). 4.13 
(1H. t, J. 0Hz. CHCH2). 5.7 (111. br s, OH), 6.G3 (1H. dd, i 8.3Hz, Arll tjaia 
to OH). 6.71 (1H. d. i 0.3Hz. Aril oilho to OMe), G.80 (111. d, J. 2.21 Iz, Arli 
orlho to OH). G.93 (2H. dd. J. 4.5. 1.5Hz. pyridine Hj. Lis). 7.1-7.3 (5H. m. 

30 C G H 5 ). and 0.37 (21 1, dd. J. 4.5 ,1.5Hz. pyridine Lb.dc)- 

INTERMEDIATE 24 

f2S\3S') an d (2S\3nn Elliv t 3-(3-CvclupetU^uxvH-meUioxvphenylh 
' . M MI r 3.dtoxol aiwn ul»eiwl|-2-(4-iJvrlUYl)om»auo.PJe 

35 2-(4-bromophenyl)-1.3-dioxolane (3.25g. 14.2mml) in THF (10ml) was 
I added dropwise to 0 stirred suspension ol maynesium turnings 
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1 (350mg.14.0mmol) in THF (5ml) at 40-45"C. The resulling greeti solution 
I was allowed to cool to PIT and copper (I) chloride (20mg. 0.20mmol) was 
' added. The reaction mixture was cooled to -30°C. Intermediate 13 (4.34y, 
1 I.Ommol) in Till- (15ml) added at -25°C to -30°C. then stirred for 1h al 
5 -20°C and allowed to warm to FIT over 2h. Saturated aqueous NIUCI 
(20ml) was added, THF removed in vac uo and the concentrate partitioned 
between Et 2 0 (50ml) and water (50ml). The organic layer was separated. 
, . washed with brine (20ml). dried (MgSCM). and concentrated invsGiLQ, The 
residue was subjected to chromatography (SiOz; Et20 to Et20-EtOAc, 
10 1:1)toallord 

! j) (2S-. 3R')- litle compound (1.45g) as a colourless gum; 8n (CDCI 3 ) 

1.02 (3H. t. J 7.1Hz. CO2CH2MG). 1.5-2.0 (OH. br m, (CLbh). 3.70 (3H, s. 

OMe). 3.0-4.2 (6H. complex rn, 0(CLl2)0 + C0 2 CH_2Me), 4.35 (111. d, J. 

0.0 Hz. CHClJCOzEt). 4.55 (III. br m. OCU). 4.60 (111. d. J. O.OIIz. 
15 CIJCHCO2B). 5.70 (111, s. OCjjO), 0.5-C.G5 (311. Ml, CoLb). 7.22 (211, d. J 

6.0Hz, pyridine Lb. Lb). 7.35-7.5 (41 1, in. CeLh). and 0.45 (211. d. J. 6.0Hz. 

pyridine H2.LI0) and 

ii) - title comuQUilU_(1.45g) as a white solid; 5n (CDCI3) 103 

(3H. t. J. 7.1Hz. C0 2 CH2Me). 1.5-2.0 (OH. br m. (CLbh). 3.00 (3H. s. 

20 OMe), 3.9-4.1 (6H. complex in, 0(C|i2)0 + C0 2 CHj2Me). 4.36 (1H. d. J. 
0.0 Hz. CHCHCO2B). 4.60 (111. d, i 0.0Hz. CHCHC0 2 Et), 4.70 (111. br m. 
OCU). 5.G6 (1H. s. OCUO), 6.70 (111. d, J.0.2HZ, ArJJol C G H 3 ). 6.05-6.95 
(2H, m. 2xArH of C G H3), 7.00 (2H. d. J. O.OHz. 2xArH_ of CgLU). 7.15-7.3 
(4H, m. 2xArH of C G li4+pyriuine Lb. lis), and 0.42 (2H. cj^d, J. G.OIIz. 

25 pyridine Lb.Lio) • 



INTERMEDIA I E 25 

(R« r m and (S'.SM F M l Yl ?-(?-gYff|p pBiHvloxv-4-mglH0XYHlieHY»)-3-H- 

30 4-Bromo(lrilluoromelhyl)benzene (3.43ml. 24.5mmol) was added dropwise 
to a suspension of magnesium turnings (614mg,25.3mmol) in El 2 0 (15ml). 
A crystal of iodine was added and the mixture gently warmed to initiate the 
reaction. The dark brown solution was then added dropwise via a syringe 
to a suspension ol copper bromide-dimethyl sulphide complex (2.40g. 

35 l2.24mmol) in THF (30ml) at -40°C. The red-brown suspension was 
allowed to warm to -20»C over 0.5h then re-cooled to -40°C and treated 
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wi „, a solution o, ,„— e -3 (300, a,«^ * ^« ^ 

overnight al lit. then Healed al 40°C lor 31.. 
MUe „cl,od with NIMCI solulion (20.nl). concenlioted «LWH» 
residue partitioned between ElOAc (50,,.,) and water (2Gml> J' s ^sheU 
was lil.ered ...rough Celite® and .he organic layer was 

mm nn (10% 25ml) and brine 25ml . dried (MySOi). am 
will, aqueous Nl l„01 1 (10 h. -Minn. 1 ^ 

'^-"^ "^rexa ,e) .0 allord the iUte 

subjected to chron.atography (S.0 2 ; Et 2 C-l,exane> 10 

, ,.i,i3 osu) as a pale yellow yum; Sit (CDUsI ,u 
SiiUlliHUuU (ca 1 . 1 ) as a 1 7 , , M (3 | |, s. OMe). 

,3H. m. CCCHzMe). 1.5-2.0 (OH. br (CUM . 3-J1 aw ^ 
3.9-4,5 PH. n, CO^Me). 4.40 (IK 6 B-7.05 

,.80 (1H. br „.. OCU). 4.0-4.75 (1H. m. " " « 8 (2><. br 

(3H. m. CcU3). 7.1-7.7 (6H. ">. CoU< - Pm*» ^ "»)• 



10 



15 s, pyridine H2. Lie)- 



InslUsauuibsll ^^ , eUlate 13 

, water (13ml) and Irilluo.oacetlc acd (10.nl) were added, 

.„,«, in CH 2 C, 2 (ion,., 0, 0"C and «»««*». -^wed to «. 
Alter Oh. the reaction mixture was concentrated ittJafiUt ! ■» 
partitioned between 10* hydrochioric ->» °» » 
aqueous layer was separated basiled ^ was 

s hydroxide solution, and extracted w,tl, CI IpClp (3x50,1. 

dried (MaSO.) and concenlrated iojssm to 9™ «« «* «J"f«£"" 
A po„ic„ (0.40g, was subiected ,0 -^^J^^ 
10 atlord the m^wvm* (0.2Bg): 6" (CDCW M.4o 2. I 
(CLhiO. 3.00 (2H. br s. NM. 3.07. 3.90 ,3), s 0»« M * • * 
,0 „, OCU). 6.0-7.2 (10H. C0U4* CcLbW'O'"* U» tb+C-CU). 
^.Un PVhOine feUo); U* <■*.) 300 <M* + 1. 100%). 
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15 



sliy „„ y y *w * -™ : — ;^ 

,i.i„i,,,.i„ r> <IGu 29.5mmol in I HI- (oun'il "" uo 
bromouenzaldeliyde u.iuy. ' ' quenched 

„,.,-, rhp reaction was allowed lo warm to R I over 211 men m 
cannula. I lie reaction ,„ n,r> (?xr,0ml) The extract was dried 

with water (25.nl) and extracted w„l, El 2 0 putt * 

, Mlura ,ed with hexane to give ^^f^^f^ \ " 3* I. ,n. 
- irnrhM 55-2 05 (8H. in. (CLb)4 . 3-92 (311. s. Uflflej. v 

OCH) 6 09 1H d a MHz. ArtlallB to OMe). 7.33 (1H. 00. U OA 2 0Hz. 

Z ol) 7 42 (111. 0. J 2.0Hz. AUgiltH to cyc.openty.oxy). and 
AiliuaLatoOMe).7.^vni. * 52 159 o. and 1270 cur'.. 

7 55-7 7 (4H. m. C 6 hU ; Vmax. (CDU 3 ) 2240. IBM. io . 

... o mo humm 397 (M>»Na. 90). 29G (10). and 23G 
m/z, (£SI) 399 (M ' -i-2+Na. 100 /„). Jy V™ 



(10). 



20 



i ' 



,a»4*S^^ ,0 0,111,10!) and 

A solution o. the compound o, ^-"J^^J-I* 
•rtethylamine ,4.05,. 5.60* ~o! in C. ,C 00 ^ ^ 
0°C and trilluotoacetic antiydt.de (3J0g. 2.jOiih. 
ropwise. The orange-red sotution was ^TZIZ^lZZ 
; tnen wate, (25,1.1) was added. The mixture ' ^^^ suO el / e0 to 
„ 1B extract was dried (MgSOD, conc**^!"^ ' $ 
chromatography -o y ,ve J* ""^f^^^U. «=■ 

0 3.BC 3.oo (3 H. s n ». ^ r-. ra^u - 

C 6tb . r pyridine Lb. Lb) > ^ ■ „ , wi „ e 

C** 7.4-7.0 0H. m. A* o. ^^^^ , 597 . „«. 

and 1251 cm- 1 ; tli'J- t ES, » v — 
35 304 (30) and 302 (20). 
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i The following intermediates were prepared in a manner similar to 
Intermediate 2Ua. 

• b) (E) and (Z) Is omers of 4-{2-(3 -Cyclou eMty | oxy-4-iiietl»oxy- 

5 i Jhcnvl)-2-f4-(4.4-diinethvl-2 -oxaz ollnvl) nheuyll ethenvn pyridmc 

l : rom Intermediate 4U (4.75g, 9.0mmol). tritluoroacetic anhydride (2.47y, 
'1.66ml. 11.0mmol) and trielhylarnine (0.99g, 1.36ml, H.Ornmol). A portion 
of Hie residue (lOOmg) was subjected lo chromatography (S1O2; ElOAc) to 
give the UlLe_cjLUIltt.cjm.tf (GOrng) as a yellow foam. 611 (CDCI 3 ) 1.39. I. 'II 

10 (Gil. s. CMe 2 ). 1.5-1.95 (OH. m. (CLL?)*), 3.05. 3.00 (311. s. OMe), 4.1 I. 
4.14 (211, s, oxazoline CLI2), 4-55, 4.G9 (111. m. OCLl), 6.6-G.7 (111. m. 
Ari l), 6.0-6.85 (311. rn. Ari l), 6.91 (111, d, _ 6.2Hz, pyridine Lb, Lis), 7.23, 
7.30 (211. d. J. 0.2Hz. Arl_l). 7.9-0.0 (211. in, All I), and 0.3-0.45 (211. m, 
pyridine Lb, Lie); ymnx (CDCI3) 1735, 1G4G, 1597 and 1310 cm-'; in/.z 

15 (ESI) 469 (M + . 100%). 

c) lZM-[fr(frCysis^JuM^ 

From the compound ol Example 34 (1.0g, 2.64mmol) In CMgCfe (30ml). 

20 trielhylarnine (0.4g, 0.55ml, 3.9Grnmol) and trilluoroacetic anhydride 
(0.6 Ig, 0.41rnl. 2.91mmol). Work up [includes treatment with 10% NaOI I 
solution (25ml)) and chromatography (S1O2; EtOAc/hexane, 7:3) allot ded 
1Mb title compound (0.78g) as a pale pink solid rn.p. 122-123°C; (Found: C, 
76.37; H. 6.46; N, 3.05. C23I I43NO3 requires C, 76.43; 11,6.41; N. 

25 3.00%) ;5n (CDCI 3 ) 1.45-1.9 (Oi l. br m, (CJL_) 4 ), 3.90 (311, s, OMe), 4.G5 
(111. br m. OCtl). 6.07 (111. d, J. 3.3Hz, luran Lb). 6.41 (111, dd. J. 3.3. 
1.0Hz, luran H_4), 6.75-G.9 (5H. m. C G Ll3 + pyridine Lb, \± 5 ), 7.03 (111. s. 
C=CL1). 7.49 (1H. d. J. 1.6Hz, luran Lb), and 0.33 (211. ciL d, J. 4.6Hz. 
pyridine Lb, Lie); LU/z. (ESI) 362 (M*" • 1 . 100%). 294 (45). 

30 

INTERMEDIATE 29 
IW.4^0l m e\hyi-2^ 

iiicJliioxyuhgttyiJsgiyiie. 

A solution ol 2-(4-brornophenyl)-4,4-dimethyloxazoline (A. J. Meyers. D. L. 
35 Temple. D. Haidukewych and E. D. Milhelich J. Org. Chem, 3H. 2707. 
1974) (53.25g. 0.21inol) in I I IF (200ml) was added dropwise lo 
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magnesium turnings (G.Og. 0.25y aloms). The reaction was stirred lor 2h 
at RT. then a solution ol Intermediate 1 (46.0y, 0.21mol) in TI-IF (2UUml) 
was added dropwise. The reaction was stirred lor IGh then heated to 
reflux lor 1 h. cooled to 111 and quenched with NI-I4CI solution (200ml). 
f» I I 10 layers woie separated and the aqueous layer extracted with EtOAc 
(2x250ml). The organic layer was washed with Urine (250ml). dried 
(MySO/i), then concentrated in vacuo to give an orange oil. The crude oil 
was dissolved in CH2CI2 (350ml) and treated with manganese dioxide 
(I37g. 1.50mol) then stirred vigorously lor 72h. The mixture war. lilteied 

10 through Celite<5> and the residue washed with CII2CI2 (300ml). The liltrate 
was concentrated in vacuo and the residue triturated with EtjO to give the 
title comp ound (59.4g) as an oil white amorphous powder m.p. 159°C. 5n 
(CDCI;,) 1.41 (Gi l. g. CMe 2 ). 1.5-2.1 (Oi l. m. (C\A2)<\). 3.92 (3I I. s. OMg), 
4. 1 5 (2H. s. oxazoline CH2). 4.04 (111. m. OCH), 6.09 (1H. d. J. 0.4HZ, ArH 

15 ortho to OMe). 7.35 (111. dd. a 2.0. 0.4 Hz. AiH uaifl to OMe). 7.43 (111. d. 
J 2.0 Hz. Aril oilho to cyclopentyloxy). 7.78 (2H. d. J. 8.5Hz. Aril), and 
8.03 (21 1, d. J. 0.5Hz. Ari l); v,„ ax (CDCI 3 )1G40 and 1271 cur 1 ; m/z. (ESI) 
394 (M + + 1. 100%). 



20 INTERM EDIATE 30 

(E) gnd ( Z) isomers of /l-f-1-(3-Cy clo»eiitvloxv-4-m ettioxvuhenvl)-2-(4- 

pyridvnetlienvllbenzoic acid hy drochloride 

A solution ol intermediate 20b (4.25ym O.Ommol) in 10% aqueous l-ICI 
(15ml) was heated to rellux lor 20 min. Aqueous NaOH solution (5Mj 
25 20ml) and EtOI I (15ml) were then added and heating continued lor a 
lurther 2h. The reaction was cooled to RT and acidilied to pH 1 with 10% 
aqueous NCI. The mixture was extracted with CHCI3 (10x100ml). the 
organic extract was dried (MySCM) and concentrated in vacu o to give the 
title compound (2.03g) as a yellow solid; 6|| (d^-MeOH) 1.45-1.0 (OH. m. 
30 (CU2U), 3.86. 3.00 (31 1, s. OMe). 4.66. 4.74 (111. br m. OCH), 6.65-7.65 

(OH. m. C=CH_ + C G Lb+ pyridine Lb, U5+ ArH mala lo C0 2 H), 8.05. 0.13 

(2H. d, 1 SSL 01 lz. ArH ortho to C0 2 H). and 0.46, 0.55 (2H, d, J QSL 6Hz. 

pyridine iJU, H G ) (N.D. CO2U and HCI not observed); v max (Nujol) 1710. 

and 1G33cnr'; tuli (ESI) 416 (M+ + 1. 100%). 

35 

INIE HMEUIATE 31 



1 



WO «»4/ 14742 



rci7(;iWJ/02«25 



54 

prou anoale 

Phenyl magnesium bromide (3M in THF) (2.3ml, G.Ommol) was added to a 
slurry ol copper (I) chloride (54mg. 0.55mmol) in THF (20ml) al -70°C. 

5 The yellow luibid solution was stiried al -70°C lor 0.25M. then Intermediate 
J3 (I.OOy, 2.7mmol) in THF (10ml) was added via cannula. The reaction 
was stirred lor 21 1 whilst allowing to warm to RT. The mixture was 
quenched with saturated NIUCI solution (5ml) and water (20ml) then 
extracted with IZtOAc (2x20ml). The extract was dried (MySO.t). and 

10 concentrated in va cuo to give a yellow oil which was subjected to 
chromatography (Si0 2 ; EtOAc/hexane. 1:1) to give the tills gomu auuU 
(0.29g) as a white solid m.p. 1C5-166°C. (Found: C. 75.40; H. 7.01; N, 
3.M. C20I I31NO4 »equiresC, 75.70; 11,7.00; N. 3.14%); 6|| (CDCb) 1 .03 
(3H, t. J. 7.1Hz. COCH 2 Me). 1.5-2.0 (UN, br m. (CLl2)4). 3-00 (3H. s. OMe). 

15 3.9-4.0 (211. complex rn. COCU2CH3). 4.35 (111. d. J. 12.31 Iz. CHCII). 
4.57 (111. d. J. 12.3Hz. CIICHJ, 4.70 (111. m. OC11). 6.75-7.1 (OH. in. 
aromatic Cells + C 0 tb). 7.22 (211. dd. J. 4.6. 1.6Hz pyridine Lb. Ug). and 
0.41 (211. dd. a 4.6. 1.6Hz. pyridine H 2 . Lie). v, nax (CDCI3) 1734. 1002. and 
1516 enr'; oil (ESI) 460 (M + + No. 20%). 44G (M* +1. 20). 282 (22). 201 

20 (100). and 213 (12). 

irvfTEnMEDIATE 32 

C=) nrul 17) tonii™ r« -t-Butvi N-M- n -(3 - c vclQ H R i . UylP^ Y"4' in6th<jxY: 
P t^tiyi>.2-f4-uvrit ivneme MYllplienYncarbamals 

25 A mixture of diphenyl phosphoryl azide (0.61g. 0.48ml. 2.2mmol). 
Intermediate 29 (1.00g, 2.2mrnol). triethylamine (0.49, 0.60ml, 4.9mmol) 
and l-butanol (25ml) was heated to rellux lor 20h. The mixture was 
concentrated in va cuo and the resulting brown oil partitioned between 
CH2CI2 (30ml) and 5% citiic acid solution (30ml). The organic layer was 

30 separated, washed with water (20ml), Nal lC0 3 solution (20ml), and brine 
(20ml), then dried (MgSCM) and concentiated in vs ma to give a red oil; 
which was subjected to chromatography (Si0 2 ; 5% MeOH/CH 2 CI 2 ) 1o give 
the lillfijiOumO-UaU (O.GOg) as a yellow loamy solid. 5h (CDCb) 1 .52. 1 .54 
(9H. s, CMe 3 ). 1.G5-1.9 (OH. br m, (CLb)*). 3.06, 3.09 (311. s. OMe). 4.5U. 

35 4.70 (1H. m. OCH). 6.C-7.4 (1 111. m. ArH i- C=CH i NCO). and 0.34 (211. d. 
J 5.2Hz. pyridine Lb, H 0 ). (T! n.m.r. indicates ciu 1:1 mixture ol isomers); 
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v max (CI ICI3) 3441. 1730, 159G. 1510 and 1 157 cur 1 ; m/z. (ESI) 407 (M+ 
+ 1. 75%). 472 (12). and 431 (100). 

INTE RMEUIATE 33 
5 LS'.R') and ( S'.S*) E th yl 3-(3-Cvclu i jeritvlo x v-4-met.lioxvuhenvl)-2-(4- 
t JVndvl)-3 - (tlilGHvl) uro»«tiato 

A solution of 2-broriiothiopMene (0.49g, 3.0uiinol) in Et 2 0 (5ml) was added 
to Mg (O.OOg. 3.3mmol) in Et 2 0 (2ml) at RT. 1 he mixture was stirred at 
FIT (or 0.31) then healed to reflux for 0.25h before adding a solution ol 

10 Intermediate 13 (1.0g, 2.72mmol) in El 2 0-toluene (2:1; 15ml) dropwise 
over 10m in at RT. The reaction mixtuie wns stirred at RT for 10h then 
quenched with 10% NI-I4CI solution (GOml) and extracted with ElOAc 
(3x50ml). The extract was washed with brine (00ml), dried (MgSd). and 
concentrated in vacuo . The residual brown oil was subjected to 

15 chromatography (Si0 2 ; Et 2 0/hexane. 9:1 to Et 2 0) to afford 

(i) Intermediate 13 (205mg) and 

(ii) title compound (132mg) alter recrystailisation from Et 2 0-hexane. 1:1) 
as a while solid m.p. 124-12G°C; 5h (CDCI 3 ) 0.99 (3H, t. J. 7 .,1Hz. 
OCH 2 Me). 1.55-2.0 (OH, br m. (CH2M, 3.02 (3H. s, OMe). 3.05-4.05 (21 1, 

2(j) m. OCH 2 Me), 4.2G (111. d, a 1 1 .91 Iz. CHCI IC0 2 Et), 4.01 (1 H, d, J 1 1 .9Hz. 
' CHCHC0 2 EI), 4.05 (111. br rn. OCR). G.51 (111. d, J 3.5Hz. thiophetie Lb). 

G.G9 ( 1 1 I, dd. J 5.1, 3.5Hz. thiophene U4), G.01 ( 1 1 I, d. J 0.01 Iz, Ari l otllio 
• to OMe). G.95-7.0 (311, m, thiophene Lb •♦- PxArH meta to OMe). 7.30 (211. 
ca d, J 4.GHz. pyridine H 3 , H5). and 0.40 (2H. ca^ d, J 4.6Hz. pyridine H 2 , 
25 H G ): W/Z (ESI) 474 (M+ •» Na, 20%), 452 (M+ i-1. 12). 3G0 (25), 209 (12). 
200 (30), 207 (100). and 219 (22). 

INTERMEDIATE 34 

a) (E) and (Z) Isomers of 2-Cvl, Ji )eiiiyl qxv-4-[2-(4-tluuroulieiivlH- 
30 phenvlethenyllanlsole 

' Dimethyl 4-fluorobenzylphosphonale (432mg, 2.0ml) was aded to a 
mixture ol sodium hydride (QOmg. 2.2mmol) and Intermediate 2 (592mg. 
2.0mmol) in THF (5i.nl) at 0°C. The reaction mixture was stirred overnight 
at RT then quenched witli Nal lC0 3 solution (5ml) and extracted with Et 2 0 

35 (25ml). The extract was washed witli brine (10ml), dried (MgSO,i), and 
concentrated in vacuo to allprd the title compound (1 15mg) as a 
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U-BuLi (1.6M solution iti hexanes; G.7ml. 10.7mtnol) was added diopwise 
lo Intermediate 4 (2.71g, lOrnmol) in TMF (50ml) at -70°C. Alter 0.5h. 3- 
melhylbenzonitrile (1.1 7g. 10mmol) in I I (F (25ml) was added dropwise 
and the mixture allowed to warm to FIT. The reaction mixture was pouted 
5 into saturated Nal ICO3 solution (25ml) extracted with CH2CI2 (2x25ml). 
the extract dried (Na;>SO,i), concentrated in va cuo and the residue 
dissolved in dioxane (30ml) and 10% hydrochloric acid (2Uml) then heated 
to reflux (or 3h. The cooled reaction mixture was poured into brine (25ml) 
and extracted with CH2CI2 (2x 25ml). The extract was dried (Na2SO/»), 

10 concentrated in va cuo, and the residue subjected to chromatography 
(SiOz; El 2 0/hexane. 1:1) to allord the title compound (2.<17y); fin (OOMI \z; 
CDCI3) 1.45-2.05 (OH. br m. (CJibJo). 2.42 (311. s. ArMe), 3.70 (311. s. 
OMe). 4.03 (1H. br m. OCIJ). G.09 (111. d. J 0.31 Iz. Ari l ottiio to OMe). 7.3- 
7.4 (211, m. ArH meta and pjma to C=0 ofColla). 7.37 (111. dd. J 0.3. 

15 2.0Hz. ArH_pjLLsL to OMe). 7.45 (111. d. J. 2.0llz. ArH. Q»WiQ to 
cyclopentyloxy). and 7.5-7.G (211. m. ArH oilho to C=0 ol C 6 I U). 

(-}.(^)-f4S>3.f3.(3-Cvclopentvloxv-4-m ethoxvDlienvnprouenuvl1-4- 

20 phenvl-2-oxa xuione 

A mixture ol Intermediate 1 (10.0g, 45.4mmol) and malonic acid (9.45g, 
90.8rnmol, 2equiv) in pyridine (20ml) was stirred at 50°C until a clear 
solution was obtained. Piperidine (0.00ml) was added and the mixture 
gradually heated to 00°C over 0.5h (CO2 evolution commences) then at 

25 cjl 00°C over 1 .5h and finally heated to reflux for 0.75h. The cooled 
reaction mixture was poured into cold water (250ml) and acidified, with 
stirring and cooling, willi concentrated MCI (30ml). The precipitate was 
collected by filtration, washed with water (6x10rnl). and dried in va cuo to 
aflord (E)-3-(3-cyclopenlyloxy-4-methoxyphenyl)propenoic acid (11.3y) as 

30 a white solid; 5n (CDCI 3 ) 1.6-2.1 (OH, br in, (CUb)*). 3.80 (311. s. OMe). 
4.00 (1H. br rn. OCH), 6.30 (111, d, J. 15.9Hz. tlC=CHCOzM). 6.07 (111. d, 
a 0.5Hz. ArH orlho to OMe). 7.05-7.2 (211, m, 2xAiH_ illSla to OMe). and 
7.72 (111. d. J. 1 5.91 Iz. HC=CHC0 2 H) (N.U. C0 2 H not observed). 

35 A mixture ol the acid (0.03y, 30.6mmol) in tl'ionyl chloride (10.9g. 6.7ml. 
91.9mmol, 3.0equiv) and CI l^CI 2 (30ml) was heated to reflux for Hi. The 
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reaction mixture was concentrated in vncuv. and the residue diluted with 
toluene (30ml) and concentrated in vacuo again to allord (EJ-3-(3- 
cyclopentyloxy-4-rnelhoxyphenyl)propenoyl chloride (0.6g) as a dark 
crystalline solid; 5m (CDCI :) ) 1.5-2.1 (Oi l. br rn, (ClkU), 3.90 (311. s. OMe). 
!3 4.01 ( I I I. br m, OC.IJ), 6.47 (III. d. J. IS.'tl lz. MC=CI ICOCI). 6.00 (II I. d. 4 
0.5Hz. Aril ortho to OMe). 7.0G ( III. d. J_ 2.0Hz. ArH o_rih_Q to 
cyclopentyloxy). 7. 14 ( II I. dd. J 0.5. 2.Ullz, Arii piua to cyclopentyloxy). 
and 7.76 (1H. d. J 15.4Hz, HC=CHCOCI). 

10 n-Butyllithium (1.6M solution in hexanes; 17.4ml. 27.0mmol) was added 
dropwise to a stirred soution ol 4S_-phenyloxazolidin-2-one (4.54y. 
27.8mmol) in THF (140ml) at -70°C. Alter 0.25h at -70°C, a cold solution 
ol the acid chloride (0.60g. 3.06mmol. Llequiv) in THF (40ml) was added 
to the resulting white slurry. The reaction mixture was stirred at -70°C lor 

15 0.5h then at 0°C lor 1.51). Saturated NaHC03 solution (100ml) and water 
(50ml) was added and the mixture extracted with ElOAc (100ml, 2x75ml). 
The extract was washed with saturated Nal ICO3 solution (50ml), brine 
(50ml), then dried (Na2S04). and concentrated in vacuo . The residual 
solid (11. 9g) was triturated with hot diisopropyl ether (100ml), cooled, and 

20| filtered to afford the title compound (10.9g) as white needles m.p. 107- 
109°C (from EtOAc/hexane. 1:1) (Found: C, 70.71; H, G.09; N, 3.41. 
C24H25NO5 requires C. 70.75; H. 6.19; N. 3.44%); 5h (CDCI3) 1.5-2.0 
! (8H. br m, (CLb) 4 ). 3.06 (3H. s. OMe). 4.29 (1H, dd, J 8.7. 3.8Hz, OCtilT). 
4.71 (111, apparent t. 4 8.7llz. OCHL1'). 4.01 (1H. m. ArOCti), 5.55 (111, 

25 dd, J 8.7. 3.8Hz. CLIN). 6.84 (111. d. J. 8Hz. AiLl ortho to OMe). 7.1-7.5 
(2H. rn, ArH meta to OMe). 7.25 7.45 (511. rn. Colds). 7.70 (111. d. J. 
15.6Hz, H_C=CH), and 7.00 (III. d. 4 15.6Hz. HC=Cli. M 22 = -42° 
(0.150g/100ml EtOH). 

30 INTERMEDIATE 38 

! 3-(3-Cvclo uentvloxv-4-methoxv uhenyl)-3- uf»envl-1-D ro oanol 

To a stirred solution ol Intermediate 10 (9.0g, 2.65mmol) in THF (30ml) 
cooled to 0°C was added borane-THF complex (1.0M in THF; 3.4 1g. 
162ml) and the reaction temperature kppt below 20°C lor 3h. The reac:;on 
35 mixture was warmed to RT. water (60ml) was added carefully, then 10% 
aqueous NaOH (100ml) and the stirring maintained for 0.5h. EI2O (50ml) 
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was added, the organic layer separated, washed with water (1x30ml) and 
brine (1x30ml) then dried (Na 2 SO„). Concentration in vacvQ allorded the 
title compound (9. 16g) as a pale yellow oil. 

5 INTERME DIAT E 39 

UP_r.yr|pprntvlnyY 1 tiiPH»?nYlMt p MY')-?-P' lp "V | - > - urotja " al 
To Intermediate 38 (0.1 OOg. 0.31mrnol) in CH 2 CI 2 (10ml) was added 4A 
molecular sieves (1 spatula) and the mixture degassed before adding 
pyridinium chlorochromate (0.099g. O.47mmol). Stirring was maintained 
10 lor 4h at RT and the mixture cooled to 0°C belore adding Et 2 0 (30ml). 
Filtration through a pad ol florisil lollowed by concentration in_mxm 
allorded the title compound (0.90g) as a brown oil. 



-5 EXAMPLE 1 

a) (jtlzj^H^jT^iSU^y 1 ^ 

■phftnyiBttivll pyridine 
U-Duli (1.4M in hexanes; 2.7ml. 3.7mmol) was added dropwise at -70°C to 
a solution ol 4-methylpyridine (0.35g. 3.72rnmol) in THF (20ml). Alter 

20 0.5h. a solution ol Intermediate 2 (1.00g. 3.30mmol) in TMF (4ml) was 
added over 5 min at -70°C. the mixture stirred lor 1h at this temperature 
then allowed to warm to RT over 2h. The reaction mixture was partitioned 
between Et 2 0 (50ml) and water (50ml) and the organic layer was 
separated. The aqueous layer was further extracted with Et 2 0 (2x40ml) 

25 arid the combined organic extract was dried (MgSCM and concentrated in 
vacua- The residue was subjected to chromatography (Si0 2 ; EtOAc- 
hexane) to afford, first. Intermediate 2 (300mg) then the Iille_ci2!iipj2ujid 
(738mg) as a white solid, m.p. 140-1 49<>C (toluene-hexane) (Found : C. 
77.32; I I, 7.04; N, 3.50. C 25 l l 27 0 3 requires C. 77.09; I I. 6.99; N. 3.00%); 

30 5 H (CDCU) 1.4-1.9 (8H. br. in. (CLfeW. 2.3 (1M. v.br.s. OH exchanges with 
D 2 0), 3.51 (2H. s. CLb pyridine). 3.78 (311. s. OMe). 4.60 (1H. br. in. 
OCHCH 2 ). 6.65-6.9 (5H. m) and 7.15-7.4 (5H. m) (AiLlQlDjfi to OMe + 
2xArllmala io OMe + C 8 Us+ pyiWine Lb. lis), and 8.22 (211. dm. a 4.5Hz. 
pyridine Lb, Lie): III/* 389 (M+ 3%). 298 (15). 297 (69). 229 (27). 228 (37). 

35 151 (43). 105 (100). 93 (52), 77 (24). and 41 (14). 
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The lollowiny compounds weie prepared in a manner similar lo the 
compound o( Example 1a. 

b) ( ±)-2-f2-(3-Cvclo npiitvloxv-4-mgUioxv olietivl)-2-hvdroxv-2- 
5 plt envlethvll uvrazine 

l-rom 2-methylpyrazine (I.Uinl, I lUminol) and Intermediate 2 (3.24g, 
1 LOmmol). Trituration with E\?0 gave Ihe title compound (0.885g) as a 
white solid. o H (CDCI 3 ) 1.45-1.9 (8H. br, m, (CHj>) 4 ), 3.73 (2H, s, CH 2 
pyrazine). 3.00 (3H. s. OMe), 4.60 (111. br, m. OCH). 6.22 (111. br s. OH). 
10 G.73 (111. d, J 0.4 Hz. Arl t ortho to OMe), 6.09 (111. dd, J 0.4. 2.01 Iz. ArH 
para to cyclopentyloxy), 7.0 (1H, d. J. 2.0Hz. Ari l ortho lo cyclopentyloxy, 
7.1-7.5 (5H, in, Cette). and 0.37 (3I I. s. pyrazine hb, IJside). 

c) (±M-f2-(3-CvclO D entvloxv-4-mettioxvu heiivll-2-hvdroxv- 
1 5 Dherivtethvl l-3.5-dtcliloro pvriclin e 

From Intermediate 15 (2.0g, 12.3rnmol) and Intermediate 2 (3.65g. 
12.3mmol). Purification by column chromatography (SiO2;0-2% MeOM/ 
CH 2 CI 2 ) allorded the title compound (1.74g) as a white solid, m.p. 129- 
130°C. 5 H (CDCI 3 ) 1.5-1.9 (OH, br, m, (CLbM. 2.65 (1H, br s, OHi, 3-85 
20 (3H, s. OMe). 3.92 (1H. d. J 14Hz, CIJaHb pyridine), 3.90 (1H, d, U 14 Hz, 
CHaLIb pyridine), 4.57 (111, br, in. OCH), 6.7-G.9 (3H. rn. Aril QIilio_+ 2x 
Arhl rneta to OMe), 7.2-7.4 (5H, in, C 6 Us). and 8.36 (2H, s, pyridine Lb, 
Lie). 

25 d) 4-(2-(4-Droinoplienyl)-2-(3-cyctoueiUvloxv-4-melh oxv»lieiiYl)-2 - 
hy UroxygUi y iiMyridi ne 

From 4-picoline (2.0ml. 1.90g. 20.4mmol) and Intermediate 26 (7.30g, 
19.5mmol). Purification by column chromatography (Si02 - , gradient elulion 
50-75%. EtOAc/hexane) gave the )ilJe_jjojiiBOAUiU (7.77g) as a pale yellow 

30 loamy solid. Found: C, 63.02; I I. 5.50; N. 2.96. C 2 5H2cBrN0 3 requires 
C. 64.1 1; H, 5.60; N. 2.99%. 5h (CDCI3) 1.5-1.9 (OH, br. m, (Ob)*). 2.7 
(1H, br s. OHJ, 3.4G (1H. d, J 13.1Hz, CHaI Ib pyridine). 3.54 (111. d. J 13.1 
Hz. CHaLIb pyridine). 3.02 (311. s. OMe). 4.64 (1H. br m. OCH), 6.75-6.9 
(5H. 111, C 6 hb + pyridine Lb, H5). 7.21 (2H. CiL d. J. 0.71 Iz. ArH of C 0 H 4 ). 

35 and 0.29 (2H. ca. d. J 6.0Hz. pyridine Lh. Lk). v ma x. (CDCI3) 3604. 1605, 
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1513. and 1256 cnr'; m/z (ESI) 470 (M»- \2, 20%). 4G0 (M\ 10). 377 
(52), 375 (55). 95 (13). and 94 (100). 



INTERMEDIATE 40 
5 (±M-l2-(3-Cvclo»ei»tvloxv-4-inelhoxviihetivn-2-f4-f4.4-di»ieUi vl-2- 

oxazolmvnohenvH-2-hvdroxvetlivMDvridir,e 

From 4-methylpyridine (1.45g. 1.52ml). 15.Gintnol) and Inlermediale 29 
(5.02g, 14.9mmol). Trituration wilh EI2O gave the litle cornound (6. Gig) 
as an olf-white solid. 5» i (CDCIj) 

10 1.37 (6H, s. CMe). 1.55-1.0 (Oi l. m. (CLbM. 2.7 (111. br s. OLD. 3.5G (211. 
br s. Clh pyridine). 3.02 (31 1, s. OMe). 4.10 (2M. s, oxazoline C]jp). 4.G3 
(111. m. OCH), 6.75-6.9 (5M. m. ArH), 7.37 (211. d. J 8.6Hz. pyridine H3. 
H 5 ), 7.05 (2H. d, J 7.3Mz ArH ortho to oxazoline) and 8.29 (211. Or s, 
pyridine H_2. Jdc); v max . (CDCI3) 3603. 1G49. 1512. and 1257 crn" 1 ; m/z 

15 (ESI) 407 (M »- -t 1, 100%). and 394 (G1). 

EXAMPLE 2 

a) (±M-f1-(3-Cvclorjeiitvloxv-4-mgtlioxvDhcnvn -1-livdroxv-2-(4^ 
pvrldvDothvlluvridinc 

20 n-BuLi (1.45Min hexanes; 5.1ml.7.41mmol) was added dropwise at -70°C 
to a solution of 4-rnethylpyiidine (0.69y. 7.41 mmol) in THF (20inl). Alter 
0.5h a solution ol Intermediate 5 (2.0g, 6.73mmol) in THF (10ml) was 
added dropwise over 5 min. The reaction mixture was stirred for 0.5h al 
-70°C then at RT for 0.5h. Water (50ml) was added and the mixture 

25 extracted with EtOAc (3x60rnl). The extract was washed with brine 
(00ml), dried (MgSO*), and concentrated in vacuo. The residue was 
subjected to chromatography (Si0 2 ; EtOAc to EtOAc/CH 3 OH. 9:1) to 
afford the title compound (2.33g) as a white amorphous solid m.p. 99- 
103°C; 5h (CDCI3) 1.5-2.0 (9H, br, m. (CHb)* + OH), 3.49 (2H. d, J 2.3 Hz, 

30 CH2 COH), 4.65 (1H. br m. OCHCH 2 ), 6.7-6.9 (5H, m. ArH ortho to OMe+ 
2xArtl met a to OMe + pyridine H 3 , hs), 7.20 (2H. dd, J. 4.6, 1.6 Hz, 
pyridine tb, H 5 ). 0.22 (2H. dd. J 4.6. 1.6 Hz. pyridine hb.Hc). and 0.40 
(2H, dd, j. 4.6. 1.6 Hz. pyridine H2. Ho); m/i 390 (M+ 3%), 290 (21). 297 
(14). 230 (21). 229 (91), 151 (100). 106 (22). 93 (27). 70 (12), and 41 (23). 
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The lollowiny compounds were prepared in a manner similar lo the 
compound of Example 2a- 

(J:M-f2-(3 -Cvclouentvloxv-4-niettioxvp »ieiivl )-2-hvdroxv-2-f3- 

Froni Intermediate 5d (1.95g. C.Oinmol) and 4-rnethypyridine (0.5Brnl. 
G.Oinmol). Chromatography (Si 2 0; EtOAc) afforded the tit le comp ound as 
a yellow oil (2.16g). 5 H (CDCI 3 ) 1.45-1.9 (OH. br. rn, (CLb) 4 ), 2.4 (111, br s. 
OH). 3.53 (211. s. CJJ2 pyridine), 3.74 (311. s. OMe), 3.02 (311. s. OMe). 
10 4.64 (1H. br m. OCH). 6.7-7.0 (OH. m, CoLb + pyridine Lb. Lb + 3xArH ol 
C C H 4 ). 7.22 (111. ciL I. J tax 7.6Hz. ArH ol C 6 H 4 ). and 0.31 (2H. dd, J 4.4. 
1.6 Hz, pyridine Lb, Ug). 

c ) (±)-4-l2-(3-CvclQppp^vl oxv-4-melhoxv ptiPnyl >-2(hvdroxv-2.(2. 
1 ^ methoXvoheiivltethylJnjjjjfe 

From Intermediate 2c (2.44g, 7.5rnmol) and 4-methylpyridine (0.70ml, 
O.Ommol). Chromatoyrapliy (Si0 2 ; EtOAc) alforded the title compound 
(2.5g). 

20 d ) (±M-f2-(3- C v clOPBlHvloxv-4-niethaxypheiivl)-2-ftivdroxv-2.f4- 
1 inethvlDlienvHeihyllffyrijll^p 

From Intermediate 5b (1.41g, 4.54mmol) and 4-methylpyridine (0.49ml, 
. 5.0rnmol). Chromatography (Si0 2 ; Et 2 0) allorded the title compound as a 
• gum (1.45g); 5 H (CDCI 3 ) 1.5-1.9 (OH. br. rn, (CLb),). 2.25 (111. br s. OL1). 
25 2.33 (3H, s, ArMe). 3.53 (211, s, CLb pyridine), 3.01 (3H, s, OMe), 4.63 

(111. br m. OCLl). G.7-6.05 (51 1, m. C G Lb • pyridine Lb. Ik). 7.1 1 (211. d. J 

0.1Hz. ArH of C 6 H 4 ). 7.24 (2H. d. J 0.1Hz, ArH ol C 6 H 4 ). and 0.32 (2H. 

SEL d. J 4.G Hz. pyridine Lb. Lb). 

30 e) ttMrI2- (3-Cvclup eiitvloxv-4-innthpx,Y|?ti?tiv» )-2-tiy drox y-(4- 
methoxvD henvnettiy ilpyridiiiP 

: From Intermediate 5c (2.46. 7.55rnmol) and 4-methylpyridine (0.01ml. 
8.3mmol). Chromatography (SiO?; EtOAc) allorded the UtLe_Ci3JJJt2Pi!iiU as 
a gum (2.2 1g). 
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•) (•»j^[7-(3-Cyclopent yloxv^-ine lho.yYiJtieiiyJl^jml''o*Y-2-(3 = 
iiiettivlohetivDeUivll p yridine 

From Intermediate 21 (2.12g. 6.05mmol) and 4-melhylpyridine (0.68ml, 
7.0mmol). Chromatography (Si0 2 ; Et 2 Q) allorded the liUe_1^211U2S2Uml 
5 (2.00g) yum; 6 M (CDCI 3 ) 1.5-1.9 (OH, br. m. {ClkUh 2-31 (311. S. AiMe). 
3.53 (21 1, s. CH2 pyridine), 3.02 (311, s, OMe). '1.64 (111. br rn. OC]_l). 6.75- 
6.9 (5! I. m. C G \±3 + pyridine Lb. Lb). 7.0-7.25 (4H, m, C 6 H 4 ). and (211. dd. 
J 4.5. 1.6Hz. pyridine Lb. H c )- (N.B. OH no observed). 

10 EXAMPLE 3 

a) (H-4-(2-f3-Cvclo Dentvloxv-4-nie thnxyplieiiyl)-2-oheiivlethvll 

pyr idine 

Intermediate 7a (3.0y, 0.09mmol) in THF (50ml) was treated with 10% 
Pd/C (about 500mg) and hydrogenated over 38h at RT. The reaction 

1 5 mixture was filtered through CelitetB) and the filtrate concentrated in vacusi- 
The residue was subjected to chromatography (Si0 2 ; ElOAc/hexane 1:1) 
to alford the title compound (1.07g) as a clear oil which slowly crystallised 
on standing (Found : C. 79.07; I I. 7.26; N. 3.69. C25H27NO2 requires C. 
00.40; H. 7.29; N, 3.75%); 5 H (CDCI3) 1.5-2.1 (8H. br. m. (CLbM. 3.27 

20 (2H. d. J 0.0Hz. CLh pyridine), 3.75 (3H, s. OMe). 4.12 (1H. t. i 0.0 Hz. 
PhCtlCLb). 4.61 (1H, br m. OCLiCH 2 ), 6.5-6.7 (311, m. AtLl QllllQ to OMe + 
2xArH_in£la to OMe). 6.07 (2H. dm. J 4.5Hz. pyridine Lb. Hs). 7.05-7.2 
(5H, m. CeLls) and 0.32 (21 1, dm, J. 4.51 Iz, pyridine Lb?, lie): IU/2 373 (M+ 
7%). 201 (38). 214 (16). 213 (100). 181 (10). and 152 (11). 

25 Treatment of the free base (1.08g, 2.90rnmol) in E1 2 0 (10ml) with ethereal 
HCI gave, alter decantation, the title compound hydrochloride (1.1 82g) as 
a white solid. 5 M (CDCI3) 1.5-1.7 (211, br s. cyclopentyl LI), 1.75-1.95 (611. 
br s. cyclopentyl LI). 3.50 (211, d. J. 7.0l lz. CLL? pyridine), 3.80 (31 1, s. 
OMe). 4.18 (1H. t, J 7.0 Hz. CHCH 2 pyridine). 4.67 (1H. br m. OCH), 6.67 

30 (2H, br m, AiH). 6.76 (111. in, ArH). 7.1-7.35 (5H. m. CcLls). 7.45 (2H. d, a 
6.5 Hz, pyridine Lb, Lb) and 0.50 (2H, d. J 6.5 Hz. pyridine H2. lie). 

The lollowing compounds weie prepared i;i a similar manner to the 
compound ol Example 3a. 
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phenol 

From Intermediate lUa (0.<1Gg, 1.19mmol) in CI I3OI I (40ml). Removal ol 
the solvent in vacuo yave the title c ompound (U.45y) as a yellow oil; on 
(CDCI3) 1.4-1.9 (Oi l. br. in. {CUzU), 3.20-3.23 (211. in, PhCI ICLb). 3.7U 
5 (311. s. OMe). 4.07 (III. I. J 0.0 Hz. PhCHCH 2 ), 4.64 (111, br rn. OCH), 
: 5.08 ( 1 1 I. br s. OH). G.59 (2H, ca <J. J 8.6 Hz. ArH orlho to OH). 6.65-6.75 

(311, rn, C G Ub). 6.01 (211. ca (J. J 0.6Hz. ArH meta to OH), and 7.1-7.25 
(5H, m, Cette); m/z(ESI)411 (M+ + Na. 100%). 215 (15). and 197 (50). 

10 c) (± M-f2-(3-Cvclopenlvloxv-4-inothoxvphenyl)-2-Dheiiylethvl| 
anlsole 

From Intermediate 10c (0.47g, I.IOrnmol) in CI I3OI l/dioxane (1:1. 50ml). 
Removal ot the solvent in vacuo gave the title compound (0.45g) as a 
colourless oil; 8h (CDCI3) 1.5-1.9 (8H, br, m, (CH 2 ) 4 ), 3.24 (2H, ca d, J ca 
1 5 8.0Hz, PhCHCtb). 3.68 (3H, s, OMe), 3.74 (3H, s. OMe).4.09 (1 H. t, J 8.0 
Hz, PI1CLICH2). 4.63 (1H, br rn, OCL1), G.65-6.75 (511, rn. C G tb+ 2xArH 
ortho to OMe), 6.89 (211, ca d, J 8.5Hz.2xArtl lllfiia to OMe), and 7.1-7.25 
(5H, rn, C 6 I:I 5 ); ffi/z (ESI) 426 (M + + 1+Na. 25%), 425 (M + +Na. 100), 279 
(24), 236 (48). 21 1 (30), 183 (25). 151 (36), 119 (48), 87 (78), and 65 (25). 

20 

d) (±M42-f3-CvcloDenlvloxv-4-rnetlioxvuhoiivl)-2-Dhenvletlivll 
acetoxvbenzene 

From Intermediate 11 (0.1 4g, 0.33mmol) in CH30H/dioxane (1:1, 40ml). 
Removal ol the solvent in v acuo gave the title compound (0.1 3g ) as a 
25 colourless oil; 5h (CDCI3) 1.5-1.9 (8H. br, m, (Ctb>) 4 ), 2.24 (3H, s, 
COMe). 3.30 (2H. d. J 7.7Hz. PhCHCLk). 3.78 (3H. s. OMe), 4.1 1(111. t. j 
7.7 Hz, PI1CHCH2), 4.65 (111, br m. OCH). 6.65-6.8 (3H. m. Cetb). 6.08 
(211, d. J 0.5Hz. 2xArH ol C 6 LU). 6.90 (211. d. J 8.51 Iz. 2xArLJ ol C 0 H 4 ). and 
7.1-7.3 (5H. m, CM; in/.? (ESI) 453 (M + + Na. 100%). 

30 

e) U)^L2iL3j£joagi^ty ^ 
uvrazine 

From Intermediate 7b (520mg) in THF/EtOH (12ml, 1:5). Publication by 
column chromatography (Si02; Et20) gave the title compou nd (1 14mg) as 
35 a white solid, in. p. 71.5-72°C. on (CDCI n ) 1.4-1.9 (OH. br. in. (CH 2 M. 
3.50 (2H, d. J. 0.0 Hz, CH 2 CH), 3.70 (3H, s. OMe), 4.51 (111, t, J 0.0Hz. 

1 
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CUCH 2 ). 4.6G (111, br m. OCH), C.7-6.75 (311. m. ArH. Qililfi. to OMe 1 
2xArll rneta to OMe ). 7.15-7.3 (511, m. Coils). 0-17 (111. d, J l.5llz. 
pyrazine H2). U.3 1 (ill, d. J 2.5Hz. pyrazine H5). and 0.47 (III. m. 
pyrazine Ho). 

5 

I) ( i)-3-r2-(3-CvcloueiUv lnxy-4.meHioxv uhet)vn-2-Phen vletliYll-2- 

melhoxvpvrazine 
From Intermediate 7c (2.67g. 6.6mmol) in THF/EIOH (21ml. 1:20). 
Purification by coiumn chromatography (Si0 2 ; CM2CI2) furnished the UlLe 
10 compound (2.55g) as a colourless oil; 5h (CDCI3) 1.5-1.9 (8H. br m 
(CtkU). 3.42-3.G0 (21 1, m. CI ICIJ2). 3.77 (31 1, s. OMe), 3.09 (311. s. OMe), 
4.G7 (111. t. J 0.0 Hz, CHCH2). 4.G7 (111, br m. OCH), 6.7-6.8 (311. m. ArH 
orlho to OMe + 2 x ArH meta to OMe), 7. 1 -7.3 (5H. m. Cells). 7.85 ( 1 H. d. 
J 2.0Hz, pyrazine H). and 7.9G (111, d, J. 2.0Hz, pyrazine H). 

15 

g) (±) Metlivl 4-r2-(3-CYclouentvloxv-4-inelhoxvplierivn-2-p Jienyl 
ethvllbenzoate 

From Intermediate 10 d (3.00g. 7.0mmol) in CII3OH/THF (1:1, 100ml) to 

afford the title com pound (2.07g) as a colourless gum; Sh (CDCI3) 1 .5-1 .9 
20 (8H. br m (CH 2 )4). 3.34-3.37 (211. m. PhCHCth), 3-70 (3H. s. OMe). 3 07 

(311, s. OMe). 4.15 (111, t. J 0.0 Hz. PhCHCH 2 ), 4.63 (1H, br m. OCH). 

6.65 (111. dd. J. 7.8. 2.0Hz. Arl± p_aia to cyclopentyloxy), 6.69 (1H. d. J. 

2.0Hz. ArH ortho to cyclopentyloxy). 6.73 (1H. d, J. 7.8Hz. ArH QdJiQ to 

OMe). 7.05 (211. eg. d. J 8.5Hz. 2xArMmeia to C0 2 Me). 7.15-7.3 (5H. m. 
25 Ceils), and 7.83 (2H. gjj. d, J 0.5Hz 2xAMl ort hQ to C0 2 Me); fjn/z. (ESI) 

454 (M + +1+Na. 40%). 453 (M + +Na.100), 301 (12), 239 (10), and 213 (17). 

h) (±1 Methvl 3 -f2-(3-Cvcfouentyl9XY- 4 - methoxvuiienvn - 2 - . 
phen yletlivllbenzoate 

30 From Intermediate 12 (140mg, 0.33rnmol) in CH3OH/THF (1:1. 20ml) to 
nflord the title com pound (137mu) as a colourless gum. 5n (CDCIj) 15- 
1.9 (OH. br m (CH2U). 3.34-3.37 (2II. m. PI1CHCH2). 3.70 (311. s. OMe). 
3.80 (3H. s. OMe), 4.17 (111. t, J. 0-0 Hz. PhCHCH 2 ). 4.64 (111. br in. 
OCH). 6.65-6.75 (3H. m. Cobb). 7.1-7.3 (7H. m, C G !l5+2xArH meia and 

35 Piiia to C0 2 Me). and 7.75-7.05 (2H. m. 2xArH QiitLQ to C0 2 Me); m/z (ESI) 
453 (M + +Na, 100%). 
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i) M)-3-(2-f3-CvclO P*»"'Y l " x V-^' nRtl ' oxv ' >!lo "V l ^' 7 '^' IPnvleU>Vl1 
pyridazine 

From Intermediate 7e (1.07g). Purification by chromatography (Si0 2 ; 
5 El 2 0-ElOAc) afforded the title compound (0.9 1g) as a pale yellow oil; 5|| 
(CDCI 3 ) 1.5-1.9 (OH. br m. (CLL^). 3.6-3.7 (211, m. CHCH 2 ), 3.00 (3M, s. 
OMe), 4.55 ( IN. t. J 0.0Hz. CHCH 2 ), 4. 05 (111, br m. OCH). G.7-6.0 (311. 
m. C G 1±}). 6.93 (1H. dd, J. 0.5. 0.0Hz. pyridazine lid). 7.1-7.3 (611. m. 
CgLIs 1. pyridazine H5). and 0.97 (111. dd. J 5.5. 0.01 Iz. pyridazine H G ); m/z 
10 (ESI) 397 (M++23. 70%). 375 (M + +1. 72). and 201 (100). 

y) (H).^-f?-(n-Cvclo Dentvloxv-4-meHioxv»henvl)-^ -P»<enYlgtnyll 
UejiziiULasid. 

From Intermediate 10b (1.75g. 4.23mmol) in CI I3OH-TMF (75ml. 2:1) to 
15 allord the UUe^ojjauauuil (1.5Gg) as a pale orange gum; 611 (CDCI3) 1.5- 
2.0 (Oil. br m. [ClizU). 3.2-3.6 (111, v.br.s). 3.30 (2H. d, J. B.OHz. 
PhCI ICth). 3.79 (311. s. OMe). 4.10 (1H. t. J 0.0I Iz. PI1CMCH2), 4.65 (H I. 
br 111, OCL1), and 6.6-0.2 (1211. m. CoLls+CcLl^+CoLb)- 

I 20 k) [*) -R.fe>.(^.n ynloDeiilvloxY -4-'T'?Ml^B YP lP" y |V2 -" l>enYle>l<vl1 ' 4 " 

LngUiYlpyriUine 

I From Intermediate 71 (1.03g). Purification by chromatography (Si0 2 ; 
Et 2 0) afforded the title compound (354mg) as a colourless oil; 6h (CDCI3) 
1.5-1.9 (OH, br rn. (CHj.)*). 2.19 (3H. s, pyridine Me). 3.43 (2H. dd. J 0.2. 
25 1.6Hz. PhCI ICLb). 3.70 (3II. s. OMe). 4.55 (111. t. J 0.21 Iz. PhCHCH 2 ). 
4.65 (1H. br rn. OCH). 6.7-6.75 (4I I, in. C 6 H 3 + pyridine Lb). 6.05-6.9 (111. 
m. pyridine H5). 7.1-7.3 (511. m. Coils), and 0-30 (111. cad, J. 5.1Hz. 
pyridine be)- 

30 I) (•«•) -4- f2-(3-Cvclou entYlnxy-4-m elhoxvutie nvl>-^-P MeHYle»Wll 
pvrimldine 

From Intermediate 7g (1.10g). Purification by chromatography (Si0 2 ; 
Et 2 0) allorded the Ulle_g<jmpiMiii (299mg) as a colourless oil which slowly 
crystallised on standing (Found: C. 76.02; H. 6.05; N. 7.35. C 2 4H 2G N 2 0 2 
35 requires C. 76.90; H. 7.00; N. 7.40%); .8,, (CDCI3) 1.5-2.0 (8H. br m. 
(Clhh), 3-45 (2H. d. J 0.0I Iz. CHCH2). 3.70 (3H, s. OMe). 4.52 (1H. I. J 
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O.OHz, CHCH 2 ). 4.65 (1H. br m. OCH). 6.7-6.8 (3H. m. C e hi3). 6.89(111. 
dd, d 5.1, 1.2Hz. pyrimidine H5). 7.15-7.4 (511. 111, Colds). 8-44 (1H. d. J 
5.1Hz. pyrimidine He), and 9.1 1 (IN, U. J. 1.2Hz. pyrimidine Id2). 

5 m) 2-CvcluiJ entvluxv^-f2-(4-flu oroiJh envlH-u heityl ethvl)anisole 

l : rom Intermediate 34a (65mg). Filtration through Celite^ and 
concentration in va cuo afforded a colourless gum (62mg) which slowly 
solidified to give the title compound as a white solid; 5h (CDCI3) 1.5-1.95 
(8H. br m. (CH 2 )<t). 3.27 (21 1, d. J_ 0.2Hz. CIICH2 pyridine). 3.78 (311. s. 
10 OMe). 4.08 (1H. t. J. 8.2Hz. CHCH 2 pyridine). 4.64 (1H. br m. OCH). 6.6- 
6.75 (3I I. m. Cohb). 6.8-7.0 (4H, m. C G LU). and 7.1-7.3 (511. m. C 6 ld 5 ). 

n) ( ±M-f2-(4-Chloroplienvl>-l-Dtie tivlethvl1-2-cvclo pentvloxvanisole 

From Intermediate 34b (200mg. 0.49mmol). Trituration with hexane 
15 afforded the title compound (45my) as a wfiite solid m.p. 63°C. 5n 

(CDCI3) 1.5-2.0 (OH. br rn, (CLh)*). 3.2-3.3 (211, m, PhCHCik), 3.70 (311. 

s. OMe),4.00 (111, t, J. 7.0Hz. PhCHCI I 2 ), 4.63 (1H, br m. OCH), 6.6-6.7 

(2H. in. Arlj.in.eAa '° OMe), 6.73 (111. d. J. 0.21 Iz. AiH oillio. to OMe). 6.90 
j (2H, d, J 0.3Hz, 2xArH of C 6 H4), and 7.0-7.3 (7H, m. Colds + 2xArH of 
20 CqI-M) (RJL) ('Hn.m.r. indicates the presence of cj* 10% of the des-chloio 

compound); rn/z 431 (M++2 + Na, 40%),430 (M_ + + 1 + Na. 30). 429 

(M++Na. 100). 396 (22). 395 (92). 301 (15). 236 (15). 213 (15), and 60 

(27). 

25 o) (±)-3-[2-(3-CvcloDentvloxv-4-methoxvuhetivl)-2-PheHvleUivll- 
uyriPlne 

From Intermediate 10e (390mg. 1.05mmol). Chromntography (Si02; 
Et20) afforded the title compound (200mg) as a colourless oil; 5h (CDCI3) 

1.5- 2.0 (OH, br rn. (CLbJ-O. 3 31 (2H. d, J. O.OHz.CIICLh pyridine). 3.70 
30 (3H, s, OMe)* 4.10 (1H, t, d O.OHz CHCH 2 pyridine), 4.65 (1H. br in, OCH). 

6.6- 6.0 (3H, m. C 6 l:b). 7.0-7.5 (711, m. Colds + pyridine Lk ids). 9.30 (111. 
d, si 1.0Hz. pyridine Lb), and 9.40 (111. dd, J. 3.0. 2.0Hz, pyridine Ho), m/z 
(ESI) 374 (M++1 . 100%). 321 (20), and 306 (00). 

35 E XAMPLE 4 

(± )-441-(3 -Cyclonentvloxv^-niethoxv»hetwj]b^ 



1 



JVO 94/14742 



rCIVlilW J/02625 



OH 

pyridine 

A solution ol Intermediate 0 (0.20g, 0.54rnmol) in EtOH (10ml) containing 
EI3N (0.5ml) was hydroyeriated over 10% Pd/C (54mg) lor 10h. The 
reaction mixture was filtered through CeliteiB) and concentrated in vacuo. 
5 The residue was subjected to chromatography (Si0 2 ; ElOAc/CM^OM. 
19:1) to alford the title compound (170rng) as a colourless oil. 5n (CDCI 3 ) 
1.5-1.9 (81 1, br, m, {C\±>) A ) t 3.27 (2H, d, J 8.0 Mz, CLb pyridine), 3.77 (311, 
s, OMe), 4.10 (111, t, J. 8.0 Hz, CH 2 CH pyridine), 4.G2, (111, br m. 
OCHCI I?). G.5-G.8 (311, rn, ArH Uli\m to OMei- 2xArH meta to OMe ), 6.88 
10 (2H, dd, J 4.5, 1.5 Hz, pyridine Lb, \±s). 7.06 (2H. dd, J 4.5, 1.5 Hz. 
pyridine Lb, Lis). 8.35 (211, dd, J 4.5, 1.5 Hz, pyridine Lb. Lie), and 8.43 
(2H, dd, J. 4.5. 1.5 Hz, pyridine Lb. tic); U!/z 374 (M + 17%). 306 (32). 282 
(12), 215 (1G), 214 (100), 154 (11), 129 (14), 93 (12), 57 (15), and 41 (18). 

15 Treatment ol the title com pound with ethereal solution furnished the title 
compound dihyd rochloride. m.p. 230-233°C (dec). 

EXAMPLE 5 

a) (± H-f2-(3-Cy c|gpent y| QX Y-4-tl ie U iq^ Y P h gn Yl)"W - 

20 ii w rgph en vleHiyl] pyri di ne hyUrechlpJdLUe 

To Intermediate 14 (2.19g, 4.72mmol) in EtOH(50ml) was added NaOH 
(1.0g, 25mmol) in water (20ml). The reaction mixture was heated to rellux 
until complete hydrolysis (about 1h) and the pH adjusted to pH 6 with 
concentrated hydrochloric acid (about 2ml). The reaction mixture was 

25 then heated to rellux until complete decarboxylation occurred (about 7h). 
Upon cooling, the yellow solution was half-concentrated and partitioned 
between 0.5N NaOH (100ml) and Et^O (100ml). The organic layer was 
washed with brine, dried (MgSOn) and evaporated. The residual-yellow 
tinged gum (1.81g) was taken up in Et20 (50ml) and 2.5M hydrochloric 

30 acid in EtCH (about 2ml) was added to pH2. The solvent was evaporated 
and the yellow loam obtained redissolved in EtOH (20ml). Et20 was 
added until the solution became slightly cloudy and the mixture cooled to 
0°C to give an off-white solid. The mother liquor was decanted oil, the 
solid washed with Et20 and dried in vacu o to give the title comp ound 

35 (1.85g) as an off-white solid, m.p. 147-150°C. oh (CD3OD) 1.50-1.90 (8H, 
m, (CLb)n). 3.70 (2H, d, CLbAr), 3.75 (3H, s, OCH3). 4.45 (IN, I. CHAr), 
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4.75, (111, m. OCMCH 2 ), 6.00 (311, m, Ar). 7.05 (211, in. Ar), 7.35 (211, m. 
Ar). 7.90 (21 1, d. Ar), 0.65 (211. U. Ar); m/z (ESI) 393 (M 1 i2. 12%). 392 
(M + +1. 30). 300 (29). and 299 (100). 

5 The lollowiny compound was prepared in a similar manner lo the 
compound ol Example 5a. 

u) ( ±)-4-(2-f3-Cvclo D entv>oxv-4-ii»ottioxvohenvl)-2-(4-trlfluoro - 
ntethvfphenvl)ethvl | uvridinc hydrochloride 

10 From intermediate 25 (2.05g, 3.99 rnmol) and NaOH (O.OOg, 20mmol) to 
allord the free base (1.70g) as a pale yellow gum; 8h (CDCI3) 1.5-1.9 (811, 
br m, (CH 2 ) 4 ), 3.36 (2H, d, J 7.6, 0.0Hz, CHCHj? pyridine), 3.80 (31 1, s. 
OMe).4.23 (111. t. i 7.6Hz, CHCH 2 pyridine). 4.67 (111. br m, OCH), 6.G5 
(1H. d, J 2.0Hz. Ari l ortho to cyclopentyloxy). 6.70 (IN. dd. J. 7.0. 2.0Hz. 

15 Aril pjna to OMe). 6.79 (1H. d, J 7.0Hz. ArfJ ortho to OMe). 6.94 (2H. d, J 
5.2Hz, pyridine H 3 , lis), 7.30 (211. d. J 0.3Hz. 2xArlt meta to CF 3 ), 7.55 
(2H. d. J. 0.3Hz. 2xArl l ortho to CF3), and 8.42 (2H. d. J 5.21 Iz. pyridine 
L12,L1g); Ui/i (ESI) 443 (M'+2. 24%) 442 (M++1. 07), 350 (22). 349 (100). 
201 (40). and 250 (30). 

20 

Treatment of the free base (1.65g) in Et2O(50ml) with ethanolic HCI 
(2.5M), concentration in va cuo and recrystallisation (EIOH-EI20) allorded 
the title compound (1.66g) as an off-white solid m.p. 149-152°C; 5h (CJ4- 
MeOH) 1.55-1.95 (811. br m, (C\±>U), 3.77 (3H, s. OMe). 3.78 (211. d, J. 
25 7.8Hz, CHCLi2 pyridine), 4.60 (1H, t. J. 7.8Hz, ChiCH 2 pyridine). 4.75 (111. 
br rn. OCH), 6.8-6.9 (3H, m. Cobb), 7.5-7.65 (4H, m, Cohk). 7.91 (2H, d. J 
5.2Hz pyridine H3, his), and 8.68 (2H, d. J 5.2Hz. pyridine H2,H 6 ). (N.B. 
HCI not observed). 

30 c) (±M-f2-(3-Cvc lo Dentvloxv-4-inelhoxvofienvi)-2-tf»envle»wll 
pyridine hydrochloride 

From Intermediate 33 (566mg. 1.25mrnol). Chromatography (Si0 2 ; 
ElOAc/hexane, 4:1) allorded the litle compoun d tree b ase (350mg) as a 
colourless oil; 6 H (CDCIj) 1.5-2.0 (OH, br m. (CH 2 )4). 3.25 (11 1. dd, J 13.5, 
; 35 CJL 8Hz. CHCHaHb). 3.41 (111. dd, J 13.5. ca, 7Hz, CHCHaHb). 3.80 (3II. 
s. OMe). 4.30 (11 1, t, a .CJL 0, cjl 7 Hz, CHCI Ia I In), 4.65 (111, br in, OCH). 
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6.65-6.85 (4H. in . C G H 3 + thiophene Lb). 6.90 (HI. dd. J 5.1. 3.5Hz. 
thiophene hU), 6.91 (211. UU. J 4.4. 1.6 Hz. pyridine tb.tb). 7.16. (1H. dd. 
J 5.1. 1.2Hz. thiophene H5). and 0.40 (2I I. dd. J 4.4. 1.6Hz. pyridine 
H2.H0); Ul/z (ESI) 301 (M*-i-2. 13%) 301 (M.--+1. 65). 208 (2). and 207 
5 (100). 

Treatment of the tree base (270mg) in Et 2 0 (15ml) with elhanolic I ICI 
(2.5M). aflorded the miaJLOmfiPjimi (226 mg) as a pale yellow solid. 8h 
(CDCI3) 1.5-1.9 (OH. br rn. (OlzU). 3.51 (111. dd. J 13.5. 0.6Hz. 

10 CHCUaHb). 3.64 (111. dd. J. 13.5. 7.2Hz. CHCHaUb). 3.81 (3H. s. OMe). 
4.41 (1H. cjjl 1. i CJL 7.0Hz. CUCHa H B ). 4.72 (H I. br m. OCHJ. 6.64 (11 1. 
dd. J. 0.2. 2.0Hz. Adj. nam to OMe). 6.7-6.0 (311. rn. 2x ArH. ol C G H.3 + 
thiophene tla). 6.91 (1H. dd. J 5.1. 3.5Hz. thiophene Ha), 7.19 (1H. dd. J 
5.1. 1 .0Hz. thiophene ids). 7.49 (2H. d. J. 6.3Hz. pyridine H.3. lis), and 8.55 

15 (2H,d, J 6.3Hz. pyridine H 2l H G ). 

EMMP-UEJz 

1+H .i^(3^y r Jn n mitvloxv-4MnetliQ*^^ 

A solution of a compound ol Example 16 (i) (264mg) in peracetic acid 
20 (0.5ml) and CH 2 CI 2 (50ml) was stirred at RT for 3h. Additional peracetic 
acid (0.5ml) was added and the mixture stirred overnight then treated with 
saturated aqueous sodium sulphite for 5 rnin. The organic phase was 
separated and combined with further CH 2 CI 2 extracts (2 x 30ml). The 
extract was washed with aqueous I ICI (10%; 30ml), aqueous Nal lC0 3 (2 
25 x 30ml). brine (30ml). then dried (MgSCU). and concentrated iiivaGW 
Purification by column chromatography (Si0 2 ; 1-5% CH3OH/CH2CI2) gave 
a colourless oil which was triturated with Et 2 0-hexane to afford the liUfi 
compound (260mg) as a white solid, m.p. 114-1 16°C. 5h (CDCI3) 1.5-1.9 
(8H. br, m, (CtfeM. 3.29 (2H. d. J 8 Hz. CHCtb). 3.80 (3H. s. OMe). 4.06 
30 (1H. t. J 8 Hz. CliCH 2 ). 4.67. (11 1. br m. OCU). 6.65-6.8 (3H, m. ArH piihQ 
to OMe + 2xArH mfiia to OMe ). 6.04 (2H. d. 4 7 Hz. pyridine H3, Lis). 7.1- 
7.35 (5H, m. C G H 5 ). and 8.00 (2H. d. J. 7Hz. pyridine Lb, Us)- (Optical 
rotation at 0. 1 53g/1 00ml ol ElOH [up* = +43°). 
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a ) ( ;j;Jt3^t2dL3j£i£^ 
phefwlethvli-2-meUioxvD vrazine 

n-BuLi (1.6M in tiexanes: 6ml. 12mmol) was added dropwise at 4°C \o a 

solution ol N. N-diisopropylamine (1.05ml. 13mmol) in IMF (40ml). Alter 

5 0.5h. 2-melhoxy-3-melhylpyrazine (1.20ml, 1 limnol) was added dropwise 

at -70°C and Ihe mixture stirred for 2h at this temperatuie. A solution ol 

Intermediate 2 (3.26y, 1 1mmol) in THF (20ml) was added over 10 min at 

-70°C and the mixture stirred for a further 1h and then allowed to warm to 

FIT. The reaction mixture was partitioned between CH2CI2 (75ml) and 

10 saturated Nal lC03 (100ml). The organic layer was separated, combined 
with further CI l 2 CI 2 extracts (2x75ml). dried (MySO-t) and concentrated in 
vacuo . The residue was subjected to chromatography (Si02; CH2CI2) to 
afford the title compound (2.9<1g) as a white foam, oh (CDCI 3 ) 1.5-2.0 
(8H. br m, (CLL^). 3.63 (111. d. J. 14 Hz. CMI I pyrazine). 3.77 (111. d. J 

15 14Hz. CHH pyrazine). 3.79 (31 1, s. OMe firlLm to cyclopentyloxy). 3.97 
(3H. s. pyrazine OMe), 4.67 (111. br m. OCJJ). 6.72 (111. dd. J. 8.4Hz. ArH 
ortlio to OMe). 6.77 (1H. s. Old), 6.91 (1H. dd. J 8.4I Iz. 2.0l lz. ArUuam to 
cyclopentyloxy). 7.00 (1H. d. J 2.0Hz. ArhlQIlllQ to cyclopentyloxy). 7.1-7.5 
(5H. m. Colds), and 7.85-7.95 (211. m. pyrazine H5. Ho)- 

20 

The following compounds were prepared in a manner similar to the 
compound of Example 7a. 

b) (+)g-[2-f3-Cvclo Deiitv |oyv-^-m^»hoxYptietivn-2-hvUroxv-2- 

25 phenvlethvll p yridazine 

From 3-methylpyridazine (1.0ml) and Intermediate 2 (3.98g). Purification 
by chromatography (Si0 2 ; EtOI I-CH2CI2) afforded the tjllfi^jmpauild. 
(4.02g) as an off-white solid. 

30 c) (l^-2f-2-(3-Cvc lop?P'Y l ? ,f Y- 4 -" l ? th " x YM nenvn " 2 ' MYtlroxY ' 2 ' 
phenylethvll-4-methvl imiOltie 

From 2.4-dimethylpyridine (1.7ml. 14.5mmol) and Intermediate 2 (4.30y, 
14.5mmol). Purification by chromatography (Si0 2 ; CH 2 CI 2 ) aflorded the 
|'H|b compound (1.23u) as a colourless oil (Found: C, 77.07; I I. 7.10; N, 
35 3.25. C2GH29NO3 requires C. 77.39; H. 7.24; N. 3.47%); o>| (CDCI3) 1.4- 
1.9 (OH, br rn, (C]±>)a). 2.25 (3H. s, pyridine Me), 3.G0 (211, s. CIJ2 
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pyridine). 3.77 (3H. s. OMe). 4.68 (HI. br m. OCH). 6-72 (HI. d. J 0.5Hz. 
ArH giiho «o OMe). 6.8-6.95 (3H. m. ArH para lo cyclopenlyloxy + pyndme 
H 3 Hr) 7 02 (1H d. J 2.2Hz. ArH oiliLQ lo cyclopenlyloxy). 7.1-7.3(31 1. 
m. mel3 and ^ ArH o. C G H 5 ), 7,16 (2H. a d. J 0.5Hz. prUlQ Ard ol 
5 c 6 H 5 ). and 0.23 (11 1, ca d. 1 6 Hz. pyridine H G ); m/z (ESI) 404 (M + 1. 
72%). 307 (13). and 306 (100). 

d) 

tliieiivlethvtloviiUlidillg 

10 From 4-melhylpyrimidine (L0.nl) and Inlerrnediale 2 (3.98g). Purilical.on 
by chromatography (Si0 2 ;CH 2 CI 2 ) allorded Ihe UHe compound (2.56g) as 
a while solid; 5h (CDCI3) 1.5-2.0 (8H. br m. (Cfcb)*). 3.66 (2H. s. CLh 
pyrimidine). 3.77 (3H. s. OMe). 4.65 (1H. br m. OCtl). 6.50 (111. s. OH) 
G 72 (1H d J 0.4Hz. ArfclyrUia lo OMe). 6.05 (111. dd. J. 0.4. 2.2Hz. ArH 

15 pa* «o cyc.openty.oxy). 6.90 (1H. d. 1 MHz. At Holt* ^ 0 ^X7uS 
7 07 (1H. d. a 5.2Hz. pyrimidine Lb). 7.15-7.45 (5H, m. Cobb). O.o3 (1H. 
d. J 5.2Hz. pyrimidine hie), and 0.99 (1H. s. pyrimidine fcfc). 

EXAMPLE 0 
nmthvlpvrrole 

CH3NH2 (generated Irom a concentrated aqueous solution of CH3NH2.HU 
and KOH) was bubbled into a stirred solution of Intermediate 21 (400mg) 
in toluene (20ml) containing a catalytic amount of CH3NH2.HCI at RT for 

25 0 5h. EI3N (2 drops) was added and the reaction mixture concentrated m 
vacua The residue was subjected to chromatography (Si0 2 ; 20% 
Et 2 0/hexane) to alford the iiUaJSfflllBM^ (290mg) as a colourless oil. 5h 
(CDCI3) 1.5-1.9 (OH. br rn. (Ctb)*). 3-23 (2H. d. J7.5Hz. CHCtfcCO). 3.20 
(3H s NMe). 3.79 (3II. s. OMe). 4.19 (111. t. J. 7.5Hz. CHCIJ2CU). 4.GG 

30 (111 m OCId). 5.74 (1H. m. pyrrole H). 5.97 (1H. app. t. U 3.2Hz. pyrrole 
LI) 6 44 (1H. app. t. J 2.2Hz. pyrrole Li). 6.67 (1H. d. J 1.8Hz. Arl-1 QQhQ to 
cyclopenlyloxy). 6.70 (1H. dd. J. B.H Iz. ArH jam lo cyclopenlyloxy). 6.76 
(1H. d. J 0 Hz. ArH QIlilQ to OMe). and 7.13-7.30 (5H. m, CgHs). 
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(±)-3-f2-(3-Cvclo pentvloxY-4-mellioxvuheiivl)-2-plienvlethvll-5- 
hvciroxv-HM|-p yrazole 

A solution ol Intermediate 22 (503rng, 1 .2rnmol) and hydrazine 
monoliydrate (73mg. l.Smmol) in EtOI I (10ml) was heated to lellux lor 
5 1.5h then cooled in an ice-balh. The crystalline product was filtered oil. 
washed with cold EtOI I and dried in vacuo to afford the title compound 
(3.5mg) as a white solid, m.p. 109-1 90°C. oh (CDCI3) (indicates mixture 
ol enol:keto forms; 2:1) 1.5-1.9 (Oi l. br rn. (C\±>U), 2.05 (2/311, s. CjJzCO; 
keto). 3.13 ('1/31 1, d. J 01 Iz. PliCI ICI_h>; Keto). 3.25 (2/311. d. J 01 Iz. 
10 PhCHCtk; enol). 3.00 (3 I I . s, OMe). 4.12 (2/3M. t. J 8Hz. PhCHCII 2 ; 
enol). 4.19 (1/3H, t. J 01 Iz. PhCHCH 2 ; keto). 4.60 (1H. rn. OCH), 5.35 
(2/311. s. HC=COII; enol). G.65-G.0 (311, rn. CcLb). and 7.15-7.35 (511. 111. 
C 6 H5)- (N.B. 2/3H for HC=CON; enol and NH for keto and enol forms not 
observed). 

15 

EXAMPLE 10 

( ±)-2-[2-(3-CvctoDentvloxv-4-niethoxvphenvn-2-ulienvlellivl)thioi3hetie 

A mixture of Intermediate 19 (4.75mg) and Lawesson's Reagent (2,4-bis 

(4-methoxyphenyl)-1.3-dittiia-2.4-diphosplielane-2.4-disulptiide)(760mg) in 
20 toluene (10ml) was stirred at 05°C for 1.5h. The reaction mixture was 

cooled and filtered. The filtrate was concentrated in vacuo and the residual 

oil subjected to chromatography (Si0 2 ; 10% Et 2 0/hexane) to afford the 

title compound (380mg) as a colourless oil (Found: C. 76.12; I I. 6.00. 

C24H2GO2S requires C. 7G.15; I I. 6.92%); 5h (CDCI 3 ) 1.5-2.0 (8H. br m. 
25 (Chl2)4). 3.56 (2H. d. J 7.61 Iz. PhCI ICH2). 3.81 (3H. s. OMe). 4.21 (1H. t. 

J. 7.6Hz. PhCHCH 2 ). 4.71 (111, br m. OCH). 6.63 (111. dd. J 3.4. 0.91 Iz. 

tfiiophene Lb), G.75-G.00 (311. m. C G Lb). 6.02 (111. dd. J. 5.1. 3.41 Iz. 

thiophene H 4 ), 7.05 (III. dd. J 5.1. 1.2Hz. thiophene H5). ar)d 7.15-7.35 

(5H. m. CgH5). 

30 

EXAMPLE 11 

( iM-[2-(3-Cvclouentvloxv-4-methoxvDhenvl)-2-DhenvletlivH benzoic 
acid monoliydrate 

Aqueous NaOH (10%; 50ml) was added to the compound of Example 3g 
| 35 (2.7g, 6.28mmol) in CI I3OI I (50ml) and the mixture heated to reflux lor 3h. 

CI I3OI I was removed in va cuo, the remaining aqueous phase adjusted to 
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pH7 witli concentrated Hydrochloric acid then extracted with CH 2 CI 2 
(2x100ml) The extract was dried (Na 2 S0 4 ) and concentrated aJfflflffl l« 
allord the tme^Qjni^ <2.41g) as a white solid, m.p. M'™^ 
(Found' C. 74.44: I I. G.40. C 27 H 20 O4. 1 -l 2 0 requires C. 74.02: I I. 6.90 /<•). 
oh (CDCI3) 1-2-2.0 (-1011, br m. (CLL^O). 3.3-3-45 (2M. m. 
PhCHCtU). 3.78 (311. s. OMe). ^ OH. 1. 1 0.0Hz. PhCHCH 2 ), 4.63 (IN. 
br rn OCkl). 6.G2 (111. d. 4 2.0l lz. ArU qlIIiq to cyclopentyloxy). 6.69 (111. 
dd J 0 0 2.0Hz. ArH pum to cyclopentyloxy). 6.74 (III. d. 4 0.0Hz. ArH 
oilijQ to OMe). 7.09 (211. d. J. 0.2Hz. 2 x AdJ Ulfila to 00*11). 7.15-7.3 (51 1, 
rn C 6 !i5) and 7.90 (2H. d. J 0.2Hz. 2xAr]d PHUfi to C0 2 H); m/L (ESI) 439 
(M + +Na. 100%). 415 (20). 331 (25). 302 (28). 301 (35). and 213 (70). 



EXAMPLE 12 

( 4. H - t 9.(^.<;. V c-loDeiitv |"* Y^-i»et»ioxv nhmw l)^-»''gnV' et ' 1 Vll 

To the compound of Example 11 (210mg. 0.52,nrnol) m CH 2 CI 2 (10ml) 
was added Et 3 N (58mg. O.SOmmo.) followed by isobuty. ch.oroformate 
(79mg. 0.58mmol) at RT and stirred for 0.5h. Ammonia was bubbled mlo 
the mixture for 10mm and stirring continued for a further 0 5h The 
20 reaction mixture was poured into aqueous NaHCOa (20m.) and extracted 
. with CH 2 C 2 (2x20ml). The extract was dried (MgS0 4 ), concentrated n 
MM and the residue subjected to chromatography (Si0 2 ; El 2 0)) to 
afford the mJZWUMXi (150mg) as an off-white solid m.p. 73-75 C. 5h 
(CDCb) 1.5-1.9 (8H, br m. (C1J2)4). 3.35-3.79 (2H. m. PhCHCH 2 ). 3.79 
25 (3H s OMe). 4.14 (1H. t. J 0.0Hz. PhC|iCH 2 ). 4.65 (1H. br m. OCtl). 5.5- 
6CU2H. v.br. s. CONtb). 6.05 (1H. d. 1 2.0Hz. ArLLsiiiUfi. to 
cyclopentyloxy). 6.60 (1H. dd. J. 0.1. 2.0Hz. ArH paia to cyclopentyloxy). 
6 74 ( 1 H d. 4 »• 1 Hz Artl UllJU 1° OMe). 7.07 (2H. d. J. 0.3Hz. 2xA,ii liiela 
to CONHa). 7.15-7.3 (5H. m. CeUs). and 7.62 (2H. d. 4 0.3Hz. 2xMl fidbfl 
30 to CONtb); m/Z (ESI) 439 (M K »-1+Na, 25%). and 430 (M* + Na. 100). 

FX AMPLE 13 

a) (jjdMLButyUi^^ 

phpnvlethvll uiiejajlc^ailiaia 



35 



To the co.npou.Hl ol Exmnple 1 . (1.5b. 3<*'»"°'> k. 2-...e.h yl p.op a n-2-o 
(50,nl) was added B 3 N (360.ny. 3.6mmol) followed by dipl.enylphospl.o-yl 



I 
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azide (990mg. 3.Gmmol) and the mixture heated to rellux lor 3h. The 
cooled reaction mixture was poured into aqueous NaHC0 3 (100ml) and 
extracted with CH 2 CI 2 (2x100ml). The extract was dried (MgS0 4 ). 
concentrated in vac uo and the residue subjected to chromatography 
5 (SiOz; hexane/Et 2 0. 2:1) to allord the mLSSmiUQUOSl (510mg) as a while 
solid m.p. 123-125°C; 5 H (CDCI3) 1.49. 1.50 (9H. s. CMe 3 ). 1.5-1.95 (811. 
br rn. (CHj>)4 fH 2 0), 3.25 (211. d. J. 7.5Hz. PI1CHCLI2). 3.702. 3.790 (311. s. 
OMe). 4.10 (111. t. J 7.5Hz. PhCHCI l 2 ). <165 (111. br m. OCM), 6.33 (111. br 
s. N1J). G.G5-G.75 (311. rn. CcLb). 0-91 (211. ~d. J. 0.41 Iz. 2xArll ojlLiQ to 

10 NHCOCMe 3 ). and 7.1-7.45 (7H. m. C G fcl 5 +2xAr!i inela to NHC0 2 CMe 3 ), 

' (N.B. CONH conformers observed by 'Hn.m.r.). 

■ The following compound was prepared in a mariner similar to the 
compound ol Example 13a. 

15 

b) (jj^ej^ujvJL^ 
phenvletlwIlPheiiyJigfllbamaLe. 

From a compound of Example 3 j (1.44g. 3.46mrnol). in 2-methylpmpan-2- 
ol (50ml). Et 3 N (0.35g, 3.4Gmmol) and diphenylphosphoryl azide (0.95g, 
20 3.46mrnol). Purilication by chromatography (Si0 2 ; hexane-EtOAc, 4:1) to 
afford the Ul!e_cimiQQUml (0.G4g) as a colourless gum; 6n (CDCI 3 ) 1 .4-1 .9 
(8H. br m. (CH_2) 4 ). 1-50 (9H. s. CMe 3 ). 3.28 (2H, ca, d. J. 8.0Hz. 
PhCHChb). 3.77 (3H. s. OMe). 4.16 (111. I. J. 8.0Hz, PhCHCH 2 ). 4.65 (111. 
br m OCH). 6.39 (111. br s. NH). and 6.6-7.4 (12H. m. CgHs+Cg^+CgLIs). 

25 

EXAMPLE 14 

(+ H.p w:iCvcloDeniYlT,rrcY^-"^ 

Ethyl isocyanate (71mg, LOmmol) and a catalytic amount of Et 3 N (10|il) 
30 was addPd to a compound ol Example 3b (300mg. O.Ommol) in toluene 
(20ml) and the mixture heated at 60°C for 4h. The reaction mixture was 
poured into aqueous NallC0 3 (50ml) and extracted with CH 2 CI 2 (2x50ml). 
The extract was dried (MgS0 4 ). concentrated km. and the residue 
subjected to chromatography (Si0 2 ; Et 2 0/hexane. 1:1) to afford the UtJe 
35 cj3mj2QUilSi (140mg) as a colourless gum; 5h (CDCI 3 ) 1.18 (3H. t. J. 7.2I Iz. 
NHCI l 2 Me), 1.5-2.0 (01 1, br m. {C\_\s>U). 3.2-3.35 (21 1, rn. NHCI^Me). 3.29 
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(211. d, J 7.0Hz, PhCI ICLh). 3.70 (311. s. OMe), 4.11 (1H. t. J. 7.0Hz. 
PhCt!CM 2 ). 4.65 (111. br m, OCH), 1.90 ( II I. br s. NH), and 6.6-7.3 (1211. 
n». CcHs+CeHU+Cohb); m/z. (ESI) 403 (MN-1-i-Na, 30%), 402 (100). and 
106 (23). 

5 

EXAMPLE 15 

(i) (+) ^-ri-(3-CvclooentY '"*Y-^-"'p»'9 x VP > ' B " vl >- 2 - </| - tJvrlc<v>>etl>Yl1 

(ii) f-)-4-ri-(3-Cvclooaiitvtoxv-4-melho xvpii?ny»-2-f4-uvrldv»etlivll 

10 pjuWAue 

A GOrny nil-' solution ol the compound ol Example 4 in BOM was madu 
up and prefiltered through a 45u litter. Hie sample soution was injected 
onto a preparative chiracel OJ preparative column (mobile phase: 90:10, 
hexane/EtOH; flow rate Gml.mitr 1 ) in 0.5ml aliquots (a column loading ol 

15 30 mg). The two enantiomeric peaks were collected with a typical 
retention time ol 50 to 63 min lor the lirst peak and 70 to 105 min lor the 
second peak. 

EXAMPLE 16 

20 (i) f- t -)-4-r2-(3-Cvclo t?gnlY»?^Y-^-t11?Ml9^YPtlgnY<)-?.-P" e " vlethvl1 

pyridine 

(ii) (-) ^t-r2-(3-CvcloP f?ntYl? Y Y- it - ,n ?M 1 9<Yt?'>?PYt)-2-pHenvle«ivll 
pyridine 

The compound ol Example 3a (500mg) was made up to a 100mg ml"' 
25 solution in EtOH. filtered through a 45ir liltron. The sample solution was 

injected onto a preparative chiracel OJ preparative column (mobile phase; 

00:20, hexane/EtOM; flow rate 6ml.min-') in 0.9ml aliquots. The two 

enantiomeric peaks were collected with a typical retention time ol 22 to 32 

min for the first peak corresponding to |jJUe_ejiaiiiigiiiei (i) (optical rotation 
30 at 0.151g/100ml of EtOH [ujj 2 = +37°) and 42 to 00 min for the second 

peak, corresponding to title enantiomer (ii) (optical rotation at 

0.151g/100ml ol EtOH [u] 2 e 2 = +36°). 

njHPftrPi QFPftnATinN OF OTHER ENANTIOMERS OF THE 
35 INVENTION: 
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(Si0 2 ) to allord the tills compound as a pale yellow gum. 5h (CDCI3) 
3.35 (211. cJ, J 8.0Hz, PhCHCHj,). 3.U0 (311. s. OMe), 3.06 (3H. s. OMe), 
4.20 (111. t. J 0.0Hz. PI1CHCH2). 6.G7 (111. d. J 2.0Hz. ArH ottho to OMe 
and CM). 6.7-G.8 (211. m. ArH jjara to OMe+ArH ortho to OMe and meta to 
' 5 CM). 6.97 (211. ca d, J ca 5.0l lz. pyridine H 3 , H 5 ),7. 15-7.35 (511. m. CgUs). 

and 0.-12 (211. ca d. J ca 5.0Hz. pyridine IbMeY, ill/z (ESI) 342 (MM-Na, 
21%). 320 (30).. 220 (40). 227 (100). 213 (12). and 19G (12). 



EXAMPLE 10 

10 (+) -2-f2f(3-Cvclop pnt yloxv-4-methoxvohenv»>-2-ohenvlettiv llbenzo[Ul 
thlazole 

Intermediate 19 (1.2Cg. 3.5mmol) in CH 2 CI 2 (6ml) was added to a stirred 
solution ol 2-arninothiophenol (0.44g, 3.5 hiimol) in CH2CI2 (8rnl) and 
pyridine (2ml) at -70°C. The reaction mixture was stirred at -70°C lor 20h. 

15 warmed to RT, concentrated in vacuo , and the residual brown oil 
subjected to chromatography (Si0 2 ; EtOAc-hexane. 1:1) to afford the title 
compound (826mq) as a pale green oil (Found: C. 75.15; H. 6.31; N, 
3.30. C^ 7 Hp7NO,>S reqtiimr, C. 75.49; I I. 0.34; N, 3.26%); 5n(CDCI : ,) 
1.5-1.9 (8H. br m. (CLkh), 3.70 (3H. s. OMe). 3.03 (2H, ca d, ±ca 8Hz. 

20 R1CHCH2). 4.60 (1H. t, J 0.0Hz. PhCHCH 2 ), 4.63 (1H. br m. OCL1), 6.7- 
6.85 (3H. m. CoLb). 7.1-7.45 (711, m. CoLis* benzothiazole Hs.JJg). 7.74 
(111, c_a. d. J 0Hz. benzothiazole [\a or H 7 ), and 7.95 (111. ca d, J ca 8Hz. 
benzothiazole LU or H 7 ). 



25 EXAMPLE 19 

(+>-4-t1.(3.CvclouGHtvloxv-4-inollioxvp »">"y»)-2-(4-DvrltivneUivll 

benzaldehvde 

NaOH (BOOmg. 20mmol) in water (20ml) was added to a solution ol 
Intermediate 24 (2.46g, 4.87mmol) in EtOH (50rnl) and the mixture heated 

30 to rellux 'or 1.5h. Concentrated hydrochloric acid was added to pi I 4.5 
and the mixture heated to rellux lor 10h to complete the decaiboxylation. 
The reaction mixture was concentrated to hall-volume and partitioned 
between NaOH solution (0.5M; 100ml) and Et 2 0 (100ml). The organic 
layer was separated, washed with brine (25ml). dried (MgSO-O, and 

35 concentrated in vacuo to allord the title compound (1.00g) as a pale 
orange gum; on (CDCI3) 1.5-2.0 (811. br m. (CLbM. 3.35 (2H, ca d. 1 
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(Si0 2 ) to allord the title? comp ound as a pale yellow yum. 5h (CDCI3) 
3.35 (2H. d. J O.OHz, PhCHCLh), 3.00 (311. s. OMe). 3.06 (3H. s. OMe), 
4.20 (111. t. J 0.01 Iz. PI1CHCM2). C.G7 (111. d. J 2.0Hz. ArH ortho to OMe 
and CM). 6.7-6.0 (2H. in, ArH para to OMe+ArH orllto to OMe and rneta to 
5 CI I). G.97 (21 1, ca d. J ca 5.0Hz, pyridine H :) , H r ,).7. 15-7.35 (5H, in. C G \J 5 ), 
and 0.42 (21 1, ca d. J. ca 5.0l lz. pyridine H 2 .Hu); UJ/.z. (ESI) 342 (M'iNa. 
21%). 320 (30). 228 (40). 227 (100). 213 (12). and 196 (12). 

EXAMPLE 10 

10 (+) -2-f2r(3-Cvclooentvluxv-4-tnethoxvDlien Y')-2-phenvlethvllbeiizofdl 
thlazole 

Intermediate 19 (1.26g. 3.5mrnol) in CH 2 CI 2 (6ml) was added to a stirred 
solution ol 2-aminothiophenol (0.44g. 3.51mrnol) in CH 2 CI 2 (8ml) and 
pyridine (2rnl) at -70°C. The reaction mixture was stirred at -70°C lor 20h. 

15 warmed to RT, concentrated in vacuo , and the residual brown oil 
subjected to chromatography (Si0 2 ; ElOAc-hexane. 1:1) to allord the lilie 
compound (826rng) as a pale green oil (Found: C. 75.15; H. 6.31; N, 
3.30. C 27 H27N0 2 S requires C. 75.49; H. 6.34; N. 3.26%); 8h (CDCI3) 
1.5-1.9 (8H. br m, (CU2U). 3.78 (311. s. OMe). 3.83 (211. ca d, J ca 81 Iz. 

20 PhCHCHj,), 4.60 (1H. t. J 8.0Hz. PhCHCH 2 ), 4.63 (1H, br m. OCH). 6.7- 
6.85 (3H. m. C 6 hl3), 7.1-7.45 (7H, m, C G H_5+ benzothiazole HsJJg). 7.74 
(1H, ca d, J 8Hz. benzothiazole H4 or H 7 ), and 7.95 (111, ca d, J ca 81 Iz. 
benzothiazole H4 or H7). 

25 EXAMPLE 19 

(±>-4-f1-(3-Cvclou e ntvloxv-4-methoxvohenvn-2-(4-uvridvl)eUivll 
benzaldehvde 

NaOH (800mg. 20mmol) in water (20ml) was added to a solution ol 
Intermediate 24 (2.46g. 4.87mmol) in EtOH (50tnl) and the mixture heated 

30 to rellux for 1.5h. Concentrated hydrochloric acid was added to pl l 4.5 
and the mixture heated to rellux lor 18h to complete the decarboxylation. 
The reaction mixture was concentrated to hall-volume and partitioned 
between NaOH solution (0.5M; 100ml) and El 2 0 (100ml). The organic 
layer was separated, washed with brine (25ml). dried (MgSO-t). and 

35 concentrated in vacuo to allord the title compound (1.80g) as a pale 
orange gum; 6n (CDCI-j) 1.5-2.0 (811, br m. (CH2),,). 3.35 (2H. ga d. 1 
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7 BHz. CMCtl2 pyridine). 3.80 (311, s. OMe). 4.25 (1H. I. J. 7.0Hz. CHCH, 
; pyridine). 4.65 (III. br m. OCH). 6.63 (111. d. J_ 1.0Hz. ArH orJiiq to 
cyclopentyloxy). 6.70 (til. dd. J. 7.0. 1.0Hz. ArU nam to OMe). 6.78(1 H. d. 
! J 7 01 Iz ArH QiillP to OMe). 6.92 (211. ja d, J .<LZHz. uyiidine Lb. Lb). 7.35 
5 (211. d, J 0.3Hz. 2xArH ueja to CI IO), 7.79 (211. d. U B.3Hz. 2xArH QiilLQ to 
CHO). 0.10 (211. ca d. J 6.7Hz. pyridine Hjj.Hg) and 9.97 (111. s. CHO); m /z 
(ESI) 402 (M + 1-1.38%). 310 (22). and 309 (100). Treatment of the title 
compound (400mg) in Et 2 0 (40ml) with ethanolic MCI (2.5MJ and 
concentration jm&GVSt allorded ihemj£QUU2QUi^ (420my) 
10 as a yellow solid. 

EXAMPLE 20 

phenv»el»ivllPYridJus 

15 Sodium borohydride (235mg. G.21mmol) was added po.tionwise to the 
compound ol Example 19 (1.1 1g. 2.05mmol) in ElOH (35ml) at -20°C. 
The suspension was allowed to warm to RT and stirred lor 10h then treat 
ed dropwise with glacial acetic acid. The reaction mixture was 
concentrated ULXBSUSl and the residue partitioned between EtpO (50ml) 

20 and NaOH solution (1M; 50ml). The organic phase was separated, dried 
(MgSCU) and concentrated jnvasiiQ. to afford the lille compound (1 .03g) 
as a colourless gum m.p. 179-1B2°C; 5h (CDCI3) 1.5-2.0 (0M. br m. 
(CIJ2)4). 2.4 (1H. v.br.s. CI l 2 Ofcl) . 3.31 (2H. d. 1 7.9Hz. CHCtfa pyridine). 
3 00 (311. s. OMe). 4.15 (1H. t. J. 7.9Hz. CHCH 2 pyridine). 4.65 (3H. sl.br.s. 

25 OCLI+CLI2OH). 6.6-6.8 (3H. m. CoLb). 6.92 (2H. ca d. J 6.5Hz. pyridine 
Li3. Lb). 7.19 (2H. d. J. 0.1Hz. 2xArH of C 0 H 4 ). 7.26 (2H. d. J. 0.1Hz. 2xArH 
of C G H 4 ). and 8.35 (2I I. cad. J. 6.5Hz. pyiidine Lh.Ho); ID/z. (ESI) 404 (M+ 
+ 1. 35%). 312 (30). and 31 1 (100). 

30 Treatment of the UUfijamiUHUllU (600mg) in Et 2 0 (50ml) with ethanolic MCI 
(2 5M). concentration in vacuo followed by recrystallisation (ElOH-Et 2 0) 
afforded the )jile_gjunj20jmd^ (602mg) as a white solid; 6 H 

(oVMeOH) 1.5-2.0 (8H. br in, {C\± 2 U). 3.72 (2H. d. 1 8.1Hz. CHCIJ2 
pyridine). 3.76 (3H. s. OMe). 4.44 (1H. I. A 8.1Hz. CHCH 2 pyridine). 4.55 
35 (211. s. CIJ2OH). 4.74 ( 1H. br m. OCH). 6.8-G.05 (3H. m. Coda). 7.25-7.35 
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(411, 111, C c Ll4), 7.07 (211, ca. d, J G.OI Iz. pyridine Lb. Lb). and 0.62 (21 1, cja 
d, J. 6.8Hz, pyridine H2.L1g) (N.B. CI I2OH and MCI not observed). 

EXAMPLE 21 

5 (±H-(2;(3-Qyclupentylox y^Miio tlioxyiJtie>ty_l)-2^(4-incl hoxv>ne thvl- 
ulieiivl)ethvl)pvridine 

The compound ol Example 20 (400mg, l.02mmol) in IMF (1 0ml) was 
added to a suspension of Nai l (60% dispersion in oil) (124mg, 3.09mmol) 
in Tl IF (10ml) al 0°C then allowed to warm at FIT over 0.5h. The mixture 
: 10 was cooled to -20°C. treated with a solution of methyl iodide (98.4|il. 

1.50mmol) in 1 1 IF (5ml) and allowed to warm to RT. A further portion ol 
methyl iodide (300u.L, 4.0mmol) was added and the mixture allowed to stir 
at RT overnight then concentrated it) vacuo . The residue was subjected to 
chromatography (SiO?; EtOAc-hexane) to alford the title compound 
15 (125mg) as a pale yellow gum; oh (CDCI3) 1.5-2.0 (Oi l, br m. (CLb).!). 
3.29 (21 1, d, J. 8.3Hz. CI ICLb pyridine). 3.38 (31 1, s, CI l 2 OMe). 3.80 (31 1, s. 
OMe). 4.14 (111. t, J 8.3Hz. CMCI Iz pyridine), 4.40 (2U, s. CLbOMe). 4.G3 
(1H. br til. OCLi). 6.6-6.0 (31 1, rn. C G 1H 3 ). 6.92 (211. ca d, J. 6.5Hz. pyridine 
Lb. Us). 7.18 (2H. d. A 0.2Hz. 2xArLl of Com). 7.25 (2H. d. J 8.2Hz. 2xArH 
20 of C G l l4). and 8.39 (2H. cja d. J 6.5llz, pyridine Lb-Lb); m/2 (ESI) 419 (M + 
+2. 15%). 418 (M + +1. 45). 32G (33), and 325 (100). 

i 

Treatment of the title compound (100mg) in EtgO (25ml) with ethanolic MCI 
j (2.5M) then concentration in vacuo and recrystallisation (EtOII-E^O) 
25 afforded the title compo und hydrochloride (102mg) as an off-white solid 
m.p. 182-1 05°C; 5r (d^-MeOI I) 1.5-1.9 (8H. br m. (CLbM. 3.34 (3M. s. 
CI I 2 OMe). 3.71 (211. d. J. 8.31 Iz. CI ICLb pyridine). 3.75 (311. s. OMe). 
4.39 (211. s. CLbOMe). 4.43 (111. t, J 0.3Hz, CMCI l 2 pyridine). 4.73 (III, br 
m. OCR). 6.75-6.85 (3H. m. C G Lb). 7.25 (2M. d. i 8.31 Iz. 2xArM ol C 6 H.i), 
30 7.32 (2H, d, J 8.3Hz, 2xAiH ol C G l l4). 7.84 (2M, c_a d, J 6.7Hz, pyridine Lb. 
Lb), and 8.61 (2M, ca d. J. G.7I Iz. pyridine Lb.Lb)- 

EXAMPLE 22 

(±)-4-f2-(3-Cvc lo ueiitvloxv-4-methoxvptienyl)-2-(4-dimethylamiiio- 
35 methv l phenvDethvllpyrid ine 
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Elhanolic MCI (2.5M) was added dropwise lo dimethylamine (3.6ml ol a 
14% w/v solution in Cl-bOI-l. 1 1.1mmol. 7.6eq) followed by the compound 
of Example 19 (570mg, 1.4Gmmol) in CII 3 OM (5ml) and sodium 
cyanoborohydride (92mg. 1.4Gmmol) in one portion. The reaction mixture 
5 was stirred at FIT for 2<1h then concentrated in vacu o and partitioned 
between (ItOAc (25ml) and NaOl I solution (2M). The organic layer was 
sepaiated. dried (K2CO3). and concentrated in vacuo to give a pale brown 
gum which was subjected to chromatography (Si02; CH3OH-CH2CI2, 
1:19) to afford the tille_cjoillU.O.U.LLU (310mg) as a pale yellow gum; on 
10 (CDCI3; 250MMz) 1.5-2.0 (0M. br m, (CLl2)4). 2.21 (61 1, s. NM2), 3.29 (21 1, 
d, J 7.9Mz, CMCJH2 pyridine), 3.37 (211, s, CLbNMe^, 3.79 (3H, s, OMe), 
4.13 (111, t, J 7.9Hz, CHCH 2 pyridine), 4.G4 (1H. br rn, OCH), 6.63 (1H, d. 
J 1.9l lz. ArH g_rJho. to cyclopentyloxy). 6.60 (1H, dd, J. 8.2. 1.9Mz. ArLUara 
to OMe). 6.74 (111, d. J. 0.2Hz. ArH qlUjo to OMe), 6.92 (211, ca d. 4 6.0l lz. 
15 pyridine Lb. Lis). 7.13 (2H, d, J. 0.2Hz, 2xArH of CgI I 4 ). 7.24 (2H, d. J. 
0.2Hz. 2xArH of C G M<i). and 0.37 (2H, cad.J 6.0Hz. pyridine Lb.Ho); w/z 
(ESI) 432 (M++2. 30%). 431 (M + +1, 100). 338 (31), 294 (16). 226 (16). 
and 136 (9). 

| 2U Treatment of the till&jMIlDIJUjQiJ (310mg) in El 2 0 (25ml) with elhanolic HCI 
(2.5M) and concentration in va cua afforded the title comnountf 
dJLiydrQCllloridg. (360mg) as a pale yellow solid; 8h (d4-MeOH) 1.5-2.0 (8H. 

! br m, (Ch! 2 ) 4 ), 2.02 (6H,s. CH 2 NMe 2 ), 3.75 (5H, sl.br.s, OMe + CIICLb 
pyridine), 4.27 (2H, s. CH_2NMe 2 ), 4.52 (1H. t. I ca 8.0Hz. CECH 2 
25 pyridine). 4.78 (1H, br m. OCtl), 6.8-6.9 (3H, m, C 6 Jtb). 7.4-7.6 (4H, rn, 
CcLk). 7.00 (211. c_a d, J. 6.71 Iz. pyridine Lb. Lb), 8.63 (2H, c_a d. J 6.71 Iz. 
pyridine Lh.Urj) (N.D. HCI not observed). 

EXAMPLE 23 

30 (iH-[1-(3 CjfjUgRgjJlyLQM 
uvridvl)ethvl]benzoic acid 

Aqueous sodium dihydrogen phosphate (5%; 15ml). then KM11O4 (2.0g. 
12.7mrnol) in water (20ml), were added to a solution of the compound ol 
Example 19 (1.50g, 3.85mmol) in l-butanol (25rnl) at FIT. Alter 0.25h. 
35 aqueous sodium sulphite solution (20ml) was added, the reaction mixture 
filtered through Celitew, the filler pad washed well with NaOH solution 
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(0.5M), and the filtrate concentrated in vacu o. The residue was partitioned 
between Et 2 0 (50ml) and water (50ml), the aqueous phase separated and 
acidified to pH 4 with concentrated hydrochloic acid. The mixture was 
cooled overniyht at about 4°C. the precipitate filtered off and washed with 
5 water then Et 2 0 and dried in vacu o to afford the title compound (950my. 
61%) as a white solid rn.p. 161-163°C; oh (d, t -MeOH) 1.5-1.9 (Oi l, br in. 
(CthU), 3.42 (2H. d. J 8.0Hz. CHCH2 pyridine). 3.75 (311. s. OMe). 4.35 
(111. t. J. 8.0Hz. CHCH 2 pyridine). 4.70 (1H. br m. OCH). 6.7-6.85 (3H. in. 
! C G JJ3). 7.10 {21 1, d. J G.7\\z, pyiidine Lb. Us). 7.30 (211. d. J 0.31 Iz. 2x/\iM 

1 0 meta to C0 2 H). 7.93 (2H. d. J 8.3Hz. 2xArH ortho to C0 2 H). and 8.30 (21 1, 
d. J. 6.7Hz. pyridine !±2.H.g) (N.B. C0 2 H not observed); m/z (ESI) 419 
(M + +2. 12%). 418 (M++1. 40). 326 (23) and 325 (100). 

Treatment of the title compound (235mg) in Et 2 0 (25ml) with ethanolic MCI 
1 5 (2.5M), concentration in va cuo and recrystallisation (EtOM-Et 2 0) afforded 

t'»e title wmwund hydrochloride, (224mg) as a white solid; 8h (d4-MeOI I) 

1.5-1.9 (8H, br m. (CLh^). 3.75(211, d. J. 8.0Hz. CHCH2 pyridine). 3.75 

(3H. s. OMe). 4.52 (111. t. J. 8.0Hz. CH.CH 2 pyridine). 4.74 (1H. br m. 

OCL1). 6.8-6.9 (3H. m. C G tb). 7.43 (2H. d. J 0.3Hz. 2xArH meta to C0 2 H). 
20 7.80 (2H. d, J 8.3Hz. 2xArH. oitho to C0 2 H). 7.88 (2H, d. J 6.7Hz, pyridine 

ti3. ids), and 8.62 (2H. d. J 6.7Hz. pyridine H2.Uo) (N.B. C0 2 H and HCI 

not observed). 

EXA MP IE__24 

25 (±H-f1-(3-Cvclopentvloxv-^t-iiinthoxvL>lienvl^2-(4-ovridyl)PiMyH 

N-Methylmorpholine (163pL, l.48mmol. 1 .5eq) then isobutyl chloroformate 
(142u-L. 1.09mmol. 1.1 eq) were added to the compound of Example 23 
(400mg. LOOmmol) in THF-DMF (20ml; 3:1) at -20°C. Concentrated 

30 aqueous ammonia solution (1.0ml) was added, the mixture allowed to 
warm to FIT overnight then concentrated in vacuo . The residue was 
partitioned between EtOAc (25ml) and NaOH solution (1M; 20ml). The 
organic layer was separated, washed with phosphate butler (pH 7), dried 
(MgSCM). and concentrated //> va cuo. The residue was subjected to 

35 chromatography (Si0 2 ; CM 3 OH-CH 2 CI 2l 1:19) to allord the mifi_c_oiuP.o.ujid. 
(245mg) as a pale yellow gum rn.p. 100-102°C; 5n (CDCI 3; 250MHz) 
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1.5-2.0 (Oi l, br m. (CU2)4). 3.32(211. d. a 7.91 Iz. CI ICLL? pyridine). 3.00 
(3H, s. OMe), 4.20 (1H. t, J. 7.9Hz. CMCH 2 pyridine). 4.64 (1H. br in. 

OCU). 5.6 (111. v.br.s. CONHJ. 6.0 (111. v.br.s. CONN), 6.63 (IN. d. J.2llz. 

ArH o_rtiiQ to cyclopentyloxy). 6.00 (111. dd. J. 0.2. 2.01 Iz. Ail! para lo 

OMe). 0.76 (111. d. J 0.2Hz. Aril ortho to OMe), 6.92 (2H. ea d. J. 6.0Hz. 

pyridine H 3 . his). 7.20 (211. c_a d. J. 0.31 Iz. 2xArll mela lo CONII 2 ). 7.71 

(2H, cad J 8.3Hz. 2xArH ortho to CONII 2 ) and 8.40 (2H, c_a d. J 6.0Hz. 

pyridine Lb.Uo): LQ/z. (ESI) 410 (M' i2. 15%). 417 (M + -»1. 40). 325 (22). 

and 324 (100). 

Treatment of the title compound (240mg) in Et 2 0 (25ml) with ethanolic HCI 
(2.5M). concentration in vacuo , and recrystallisation (EtOH-El 2 0) aflorded 
the title comp o und hydrochlorid e (245mg) as a white solid; 5h (d4-MeOI I) 
1.5-2.0 (8H. br m. (CH2) 4 ). 3.75 (2H. d. J 0.2Hz, CHC!±> pyridine). 3.75 
(3H, s. OMe). 4.54 (1H. t. J. 8.2Hz. C]iCH 2 pyridine). 4.76 (111, br in. 
OCL1). 6.8-6.9 (311, in, C G Lb), 7.44 (211, d, J. 0.4Hz. 2xArH meta tu 
CONH 2 ). 7.88 (211. d, J. 6.7Hz, pyridine fcb, H5), 7.94 (211. d, J. 8.4Hz. 
2xArtl ortho to CONH 2 ), and 0.63 (21 1, d, J. 6.7Hz, pyridine t!2.Li6) (N.B. 
CONth and HCI not observed). 

EXAMPLE 25 

(±)-Etllvt 4-f1-f3-CvcloDemvloxv-4-metliQx vuh envl>-2-f4-ovridvl)eUivl) 

b_ejK.QaiQ 

Acetyl chloride (500uX) was added to EtOH (10ml) followed by the 
compound ol Example 23 (385mg. 0.95mmol) and the resulting solution 
heated to reflux for 10h. The reaction mixture was concentrated in va cuo 
and the residue partitioned between aqueous sodium carbonate solution 
(2M; 10ml) and Et 2 0 (25ml). The organic layer was separated, dried 
(MgS04). concentrated in vacuo and the residue subjected lo 
chromatography (Si0 2 ; EtOAc-hexane, 1:1 to 3:2) to afford the tille 
compound (300mg) as a pale yellow gum m.p. 170-173°C; 5h (CDCI3) 
1.39 (3H. t. J 7.5Hz. COCH 2 Me). 1.5-2.0 (OH. br m, (CthU), 3.32 (211, d. J. 
8.0Hz. CHCH2 pyridine), 3.00 (3H. s. OMe). 4.20 (1H. t, J 8.0Hz. CHCII 2 
pyridine). 4.30 (2H. q, J. 7.5I IZ. COCH 2 Me). 4.62 (111. br m, OCH). 6.65 
(111. d. J. 2.0Hz. Ari l ortho to cyclopentyloxy). 6.00 (111. dd. J. 7.0. 2.01 Iz. 
Arkluaia to OMe). 6.70 (1H, d. J. 7.0Hz, Ari l ortho to OMe), 6.92 (211. dd. 
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J 5.2. 0.01 Iz. pyridine Hj. lis). 7 25 (21 1, d, J 0.51 Iz. 2xArM UlfiU to 
C0 2 Et). 7.94 (21 1, d. A 0.5Hz. 2xArl I ortho to C0 2 EI). and 0.40 (211. dd. J 
5.2. 0.0Hz. pyridine H^Ng); m/z (ESI) 447 (M*+2. 20%). 446 (M f +1. 03). 
354 (27). 353 (100). and 205 (35). 

5 

Treatment of the title compound (295mg) in Et 2 0 (25ml) will) elhanolic NCI 
(2.5M), concentration in vacu o and recrystallisation (EtOH-Et20) allorded 
the title compound hydrochlo ride (300rng) as an off-white solid; 5n (d,t- 
MeOI I) 1.3G (3I I. t. J 7.2Hz. COCH 2 Me). 1.5-1.9 (ON. br m. (CLL?)*). 3.73 
10 (2H. d. J. 0.2Hz. CI ICHjj pyridine). 3.76 (3H. s. OMe). 4.33 (2N. q, J 7.2Hz. 
COChbMe). 4.53 (111. t. J 0.2Hz. CHCH 2 pyridine). 4.75 (111. br rn. OCNJ. 
6.0-6.9 (311. m. C G Ji3). 7.45 (211. d. J 0.4Hz. 2xArH Wfiia to C0 2 Me), 7.04 
(21 1, d. J_ 6.5Hz. pyridine Lb. Lb). 7.94 (21 1, d, U 8.41 Iz. pyridine Lb.Ho). 
and 0.61 (2H. d. J 6.51 Iz. pyridine N 2 .JJg). 

15 

EXAMPLE 26 

(±)-2-Chloro-4-[2-(3-cvcloijef itYlpxV-4-niotliQXYphenvl)-2-ohenvletlivll 

pyridine 

A mixture of the compound of Example 6 (2.39g, 6.16rnmol) and 
20 phosphorus oxychloride (25ml) was heated to reflux overnight. The 
reaction mixture was cooled to RT then carefully added to saturated 
potassium carbonate solution (250ml). Potassium hydroxide (2M) was 
added to pH 7.5 and the yellow-orange mixture extracted with EtOAc 
(3x50ml). The extract was washed with brine (30ml). dried (MgSCM). and 
25 concentrated in vacuo to give a red-brown gum which was subjected lo 
chromatography (Si0 2 ; Et 2 0-hexane, 1:1) to afford the title comp ound 
(1.16g. 46%) as a pale yellow yum; fi H (CDCI3) 1.5-2.0 (8H, br m, (CLL?)*). 
3.30 (2H. d. J 0.0Hz. PhCI ICN 2 ). 3.00 (3I I. s. OM,e), 4.14 (111. I, J. 0.01 Iz. 
PhCHCH 2 ). 4.66 (111. br m. OCLL). 6.60 (111. d. J. 2.0l lz. Aril ortho to 
30 cyclopertyloxy). 6.69 (1H. dd. J 0.0. 2.0Hz, Arlipiua to OMe). 6.76 (111. d. 
J 0.0Hz. ArH ortho to OMe), 6.84 (111. d. ,16.5Hz, pyridine H5). 7.00 (III. 
s. pyridine H 3 ), 7.05-7.3 (511, m. CoUs). and 0.17 (111, d. J. G.SIIz. 
pyridine He). 

35 EXAMPLE 27 

(tk3^[2dL3^X^lQtmU vJ.PX y^me^ 
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Sodium iodide (210mg, 1.4mmol) and trirnethylsilyl chloride (152my, 
1.4mmol) was added to the compound of Example 13 b (620my. 
l.27mmol) in acetonitrile (20ml) and the mixture stirred at RT lor ih. The 
reaction mixture was poured into 10% sodium thiosulpliate solution (50ml) 
5 and extracted with CH 2 CI 2 (2x50ml). The extract was dried (MgSCM). 
concentrated in va cuo and the residue subjected to chromatography 
(Si0 2 ; Et 2 0) to allord the title compound (210mg) as a colourless gum; on 
(CDCI 3 ) 1.5-1.9 (OH. br m. (C\±>U), 3.21 (211. d. a7.6Hz. PhCHCtb). 3.44 
(211. br s. NH 2 ). 3.75 (311. s. OMe).4.14 (111. t. J. 7.6Hz. PhCUCH 2 ). 4.G5 
10 (III. br rn OCHJ. G. 3-6.45 (31 1, m. C G Li3). and 6.G-7.4 (911. in. 
C 6 H5+CcLl4); m/z (ESI) 410 (M K »- Na. 307o). 3U0 (MN1. GO). 320(58). 
213(23). and 190(100). 

EXAMPLE 20 

1 5 (i) -Sodium 3-r2-(3-Cvcloueiityloxv-n-tnel hoxvo li envl)-Z-WtienyleUiYl | - 
1,2 ,4-triazolvl-5-lliio lale 

A mixture of thiosemicarbazide (0.43g. 4.7mmol) and Intermediate 19 
(1.70g. 4.7mmol) in toluene (30ml) was heated to reflux for 4h. The 
reaction mixture was cooled, diluted with Et 2 0 (30ml) and the precipitate 

20 collected by filtration. The precipitate was washed with Et 2 0 then water to 
give a white solid, a portion of which (0.4 1y) was suspended in aqueous 
Na 2 C0 3 (2M; 30ml) and heated to reflux for 4h. The cooled reaction 
mixture was diluted with water (20ml). acidified with 10% hydrochloric acid 
to pH5 and extracted witti CI I 2 CI 2 (2x40ml). The extract was dried 

25 (MgSCM). concentracted in vacuo, and the residue recrystallised (CI I3OI I) 
to afford the title compound (0.3 1g) as a white solid (Found: C. G2.97; I I. 
5.90; N. 10.02. C 22 H 2 4N 3 Na0 2 S requires C. 63.29; II. 5.79; N, 
1 0.07%); 5h (250Ml lz; DMSO-d G ) 1 .5-2.0 (OH, br m. (CihU), 3.26 (21 1, d. 
J 8.2Hz. PhCHCLb), 3 07 (311. s. OMe). 4.45 (1H. t. J 0.2Hz. PhCHCI l 2 ). 

30 4.72 (1H. br m. OCHJ, G.7-6.05 (3H. m. C G Lb), 7.1-7.35 (5H, m. C C H 5 ). 
and 13.09 (11-1. br s. NH); m/z (ESI) 419 (M + + 1+Na. 35%). 418 (M N Na. 
67). 397 (MN- 1,95). 396 (M 1 , 100),320 (15). 204 (25), and 60 (01). 

EXAMPL E 29 

35 (-W2-r2-(3-Cvc lop« a "'y'"x y-4-iiiotfioxvphenY l}-2-pliei)YlethYj.l 
benzimido zole 
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Intermediate 19 (2.47g. 0.9mmol) in THF (1U,nl) was added dropw.se lo a 
solution ol 1 .2-diaminobenzene (3.72g. 34.4mrnol) in THF (40nil) at 0°C 
and the mixture stirred lor 2M. Tim reaction mixture was concentrated in 
3&CUQ and the residue washed with Et 2 0 (5x50ml). The extract was 

5 washed with 10% hydrochloric acid (50ml). sodium hydrogen carbonate 
solution (50ml). brine (50ml). then concentrated imtaGUSi- The residue 
was subjected to chromatography (Si0 2 ; BOAc-hexane. 1:1) to give a 
pale brown glassy solid (1.02g). a portion ol which (0.44g) was healed 
neat at 150°C lor GOh then subjected to chromatography (Si0 2 ;Et 2 0- 
10 hexane 1:1) to allord the lUlaJCQlDPJMld (273mg) as an oll-white solid m.p. 
97.5-98°C; 6h(CDCI 3 ) 1.4-1.9 (8H. br in, (CVhU). 3.6-3.7 (2II. m. 
PhCHCLb). 3.78 (3H. s. OMe).4.55 (1H. br rn. OCH), 4.57 (1H, t. J 81 Iz. 
PhCHCH 2 ). G.7-G.8 (3H. rn. C 6 Li 3 ). and 7.15-7.5 (9H. m. C 6 Us + 
benzimidazole H4, Lb. Lie. Lb); Ul/i (ESI) 413 (M^ 1. 100%). 106 (40). 

15 (Optical rotation at 0.1 51 g/1 00ml of ElOl I la)22=-1). 

EXAMELE-3.U 

a) '{+ ) ^-tiW3.Cvcloo entvl gxY^-llwUtPXYWll^nvl)-2-(4-PVtlU jd) 
^Miyll anttine.P iltydroclilrolde. HomilwUraia 

20 A mixture ol Intermediate 26 (3.80g). ammonium formate (1.63g). and 
10% Pd/C (about 100rng) in EtOH (50ml) was heated to rellux lor 2h then 
stirred at RT lor 2 days. The reaction mixture was then filtered through 
Celite® and the filtrate concentrated imimiQ- The residue was partitioned 
between aqueous NaOH (1M; 50ml) and CH 2 CI 2 (50ml). The organic 
25 layer was separated, dried (Na 2 SO<). and concentrated in va _ cuQ . The 
residue was dissolved in Et 2 0 (50ml) and treated with ethanolic HCI 
(2.5M) then concentrated in vacu o. The residue was recrystallised (EtOI I- 
El 2 0) to allord the M»» compound (3.4g) as an oll-white solid (Found: C. 
G3.97; H. 6.52; N. 5.77. C 25 H 20 N 2 O 2 . 21 ICI.5H 2 0 requires C. 63.03; I I. 
30 6.64; N. 5.96%); 5 H (dVMeOI I) 1 .5-1 .9 (OH. br rn. (CLh)*). 3.7-3.85 (2H. 
m CHCH2 pyridine). 3.74 (3H. s. OMe). 4.56 (1H. t. J. B.OHz. CHCH2 
pyridine) 4.75 (1H. br m OCH). 6.0-6.05 (3H. m. Coda). 7.35 (21 1, ca, d. 
J Q 5Hz. ArH ol C G H 4 ). 7.55 (21 1. d. a 0.5Hz. Arid ol.C 6 IU). 7.91 (2H. d. J. 
6 GHz pyridine H 3 . H 5 ) and 0.65 (211. d. J. 6.6Hz. pyridine H2. H G ) (N.D. 
35 Nti2 and 2HCI not observed); m/z (ESI) 309 (M+ + 1. 11%). 297 (26). 296 
(100). and 220 (1 1). 
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The following compound was prepared in a manner similar to the 
compound ol Example 20a. 

b) (H-2-f4-(l-(3-Cvclooeiitvloxv-4-iiigUioxvDhenvl)-2-('l-pvrit ivl) 

cJ!iyi)lJ±ien yj JrlL^ 
Dihvdrate 

From Intermediate 28b (0.27g, 0.56mmol), ammonium formate (0.70y, 
1 1.2mmol) and 10% Pd/C (50mg). Chromatography (Si0 2 ; EtOAc) gave 
Hie UUe_c.ojupo.uiidJLe.e_bi»s.e. (lOOmg) as a clear gum. 

Dissolution of the title compound tree base in Et 2 0 and treatment with 
ethereal HCI (1M) furnished the title compound as a white solid. (Found: 
C. 61.90; H. 6.53; N. 4.61. C30H34N2O3. 2 I ICI 2H 2 0 requires C. 62.17; 
15 I I. 6.9G; N, 4.03%) fi H (uVMeOI I) 1.59 (611, s CMe 2 ). 1-6-1.9 (OH. br m. 
(Ch!2)4). 3.75 (3H, s, OMe), 3.7-3.9 (2H, m, CLh-pyntline), 4.64 (111, I, 
CLiCrVpyridyl), 4.73 (1H, rn. OCIJ). 4.77 (2H. s, CM oxazolinyl). 6.8-6.9 
(3H,m. CoLla). 7.68 (2H. d, J. 0.41 Iz, ArH mfila. to oxazoline). 7.90 (21 1, d, J. 
6.6Hz, pyridine Lb, Lis), 8.01 (2H, d, J 8.41 Iz, Ar|i aiitio. to oxazoline). and 
20 8.65 (2H. d. J 6.5Hz. pyridine Lb, tic): mli (ESI) 471 (M++ 1. 100%). 378 
(67). and 245 (20). 

EXAMPLE 31 

(+)-Ethvl N-{4-f l-^3-Cvclo Dentvloxy-4-methoxvnhenvl>-2-(4-pv ri0yl) 

25 plhyll pheiivHcarbamate 

Ethyl chloroformate (01mg. 0.74mmol. I.3eq) was added dropwise to a 
mixture of the compound of Example 30 (221 my. 0.57mmol) and 
triethylamine (75mg. 0.74mmol. 1.3eq) in CH 2 CI 2 (20ml). The reaction 
mixture was stirred overnight at RT. then concentrated in vacuo and the 
30 residue subjected to chromatography (Si0 2 ; hexane/ElOAc, 1:1) to afford 
the title compound (170mg) as a white solid; h\\ (CDCI3) 1.29 (3I I. t, J. 
7.1Hz. OCHjjMe). 1.5-2.0 (8H. br m. (CLb)<i). 3.27 (2H. d. J. 7.9Hz. CHCLb 
pyridine). 3.79 (3H. s. Ofcde). 4.10 (111. t. J.7.9Hz. CHCH 2 pyridine). 4.20 
(2H. q. J 7.1Hz. OCLbMe), 4.64 (111. br m OCiJ). 6.51 (111. br s. NLi). 6.6- 
35 6.0 (3H. m. C G H 3 ). 6.92 (2H. d. 4 5.9I Iz. pyridine Lb. Lis). 7. 1 1 (2H, d. J. 
0.4Hz. ArH of C c l-U). 7.27 (2I I, d, J 0.4Hz. ArH ol C G H„). and 8.38 (2H. d. 
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J 5.91-lz. pyridine l±>. Lie); ili/z (l£SI) 4G1 (M-+ 1. 90%). 369 (25). and 3GU 
(100). 

EXAMPLE 32 

5 n).N-j4-f1-(n-Cvclouer itY'"X Y^-'" othoxvohen Y n - 2 - M ' uvrldvl)elhYl1 
plienylfN'-ethvlurea 

A mixture of the compound of Example 30 (246mg, 0.63mmol) and ethyl 
isocyanate (68mg, 0.95mmol. 1.5eq) in CH 2 CI 2 (20ml) was stirred at FIT 
lor 2 days. A lurther portion ol ethyl isocyanate (60mg. 0.95mmol. 1.5eq) 

10 was added and the mixture allowed to stir for 20h. The reaction mixture 
was concentrated in vacuo and the residue subjected to chromatogrpahy 
(Si0 2 ; ElCAc) to afford the title compound (221 mg) as a white solid; 5n 
(CDCI3) 1.14 (3H. t. J 7.2Hz. OCM 2 Me). 1.5-2.0 (8H. br m. {CU2U). 3.2- 
3.35 (411. m. CHC1±? pyridine -»- OCLbMe). 3.79 (311. s. OMe). 4.11 (111. t. 

15 7.8Hz, CHCH 2 pyridine). 4.59 (111. br m. Nl ICONH), 4.66 (1H. br ... 
OCH), 6.16 (1H. br s, NHCONH), 6.65-6.7 (2H. in, ArtLmfila to OMe). 
6.75 (1H. d.J 0.2Hz. Ari l ortho to OMe) 6.93 (2H. br m, pyridine {±3, Us). 
7.12 (211, d. J 0.6Hz. Ari l ol C0II4). 7.18 (2H. d, J. 8.6Hz. ArH of C G I U), 
and 8.39 (2H. br s, pyridine \±>, L!c); uHi (ESI) 460 (M++ 1. 100%). and 

20 117(16). 



EXAMPLE 33 

^ + ^N-r4-M-f3-Cvclopentvloxv-4-meUloxvp fieiivlH-2-(4'PVridYl)ethYll 
phe pylacelamlde 

25 Acetyl chloride (62rng. 0.79mmol. 1.3eq) was added dropwise to the 
compound of Example 30 (235mg, O.OOmmol) in CH 2 CI 2 (20ml) at 0°C 
and the mixture allowed to stir at RT overnight. The reaction mixture was 
concentrated in vacu o and the residue subjected to chromatography 
(Si0 2 ; CH 2 CI 2 /MeOH. 9:1) to allord the lillej^llPiMlSl (140mg) as a while 

30 solid; 6n (d 4 -MeOH) 1 .5-2.0 (OH. br in. (CL1 2 ) 4 ). 2.09 (3H. s, COMe). 3.37 
(2H. d, J 8.2Hz. CHCH2 pyridine). 3.75 (3H. s, OMe). 4.23 (111. t. J 8.2Hz. 
CHCH2 pyridine). 4.69 (111, br m OCH). 6.73 (1H, d, J 1.9Hz. ArH ojjho to 
cyclopentyloxy). 6.77 (111. dd. J 0.2. 1.9Hz. ArH Uaia to OMe). 6.02 (111. 
d. J 0.2Hz. ArH ortho to OMe). 7.15 (2H. d. 1 5.7Hz. pyridine tb, H5). 7.21 
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(211. d. J 0.6Hz. ArH of Cr.H,). 7,12 (2H. d. J_ 8.GHz. ArH ol CoW. and 

0.27 (21 1, br s. pyridine Lb. H G ) (NJL NH not observed); m/z (ESI) 4Ji 
(MN- 1. 100%). and 330 (22). 
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KXAM£LE_34 

( i )-4-|^-(3-Cvclo p'»"'y»"xy^-tnethoxvpiien3 

eJhvJjRvjMlie , . . , 

n-Butyllithium (1.6M solution in hexane; 16.9ml. 27mmol) was added to a 
stirred solution ol luran (1.04g. 1.96ml. 27m„.ol) In THF (25rn.) at -70°C. 
Alter Hi at -70°C. a solution ol Intermediate 1 (4.0a, lOmrnol) m TI IF 
(10ml) was added over 10 min. The reaction mixture was stirred at -70»O 
for 0 75h. warmed to RT over 0.75h. then quenched with water (100rnl) 
and extracted with Et 2 0 (3x60ml). The extract was washed w.th br.ne 
(100ml). dried (MgS04). and concentrated iuacua The residual orange- 
yellow oil was subjected to chromatography (Si0 2 ; CH 2 CI 2 /hexane 3:1. 
then El 2 0/hexane, 1:1) to give (3-cyclopeni y lox y -4-methoxyphen y .)(2- 
furyl)methanol (3.2g. 61%) as a colourless unstable oil; v m ax- (neat, 

3500cm" 1 .' , . v . pi I 

The alcohol (3.2g) was stirred with manganese (IV) ox.de (10g) -n CHaC h 
(100ml) at RT .or 3h. The mixture was littered through Celite® and he 
HUate concentrated ul^.Q- The residua, dark oil was subjected to 
chromatography (Si0 2 ) to give (3-cyclopentylox y -4-methox yP hen y l)-(2. 
luryl)ketone (1 .9g): v lna x (neat) 1 620cm- 1 . 

n-Butylllthlum (1.GM solution in hexanes; 4.2ml. 6.64mmol) was added to a 
Solution ol a 4-methylpyridine (O.G2g. 0.65ml. G.G4mmol) in THF (25ml) at 
- 70 oC Alter 0.5h. a solution ol the crude ketone <1.9g. E3. 6.6mmol) in 
THF (5ml) was added, stirred lur 1h at -70°C. then at RT lor 0.25h. lhe 
reaction mixture was quenched with water (50ml) and extracted w.th 
ElOAc (3x50ml). The extract was dried (MgSCU). concentrated uivaSM, 
and the residual red oil subjected to chromatography (Si0 2 ; ElOAc/ 
hexane. 3:2) to a.lord the mszwawL (1.23g. 49%) as a ' ^ 
5 H (CDCb) 1.5-1.9 (OH. br rn. (CLh),). 2.04 (1H. br s. Otl). 3.30 (1H. d. 1 
13.2Hz. CHaHb pyridine). 3.59 (1H. d. JL 13.2Hz. CH^b pyridine). 3 82 
(3H. s. OMe). 4.65 (,H. br m OCH). 6.24 V"'™*™-™* ^ 
6 35 (1H dd. J 3.3. 1.0Hz. luran H,»). 6-75-6.05 (3H. m. C 6 H 3 ). 6.6, 21. 

" , ■! M » 7/nini dd J 1.0. 0.7Hz, luran Us), 

dd. J. 4.5. 1.6Hz. pyridine Lb, U5). '.43 (in. uu, ■ 
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, . and 0.33 (2H, dd, J '1.5. 1 .GHz. pyridine Lb, H G ); rn/z (ESI) 402 (M*"+ 23, 

20%), 300 (M»- + t, 35), 207 (100), 95 (20). and 94 (97). 

| EXAMPLE 35 

5 { H)-2-f2-(3-Cvcloueritvluxv-4-metlioxvutienvl)-2-uhertvlethvllbenz(d] 
oxazole 

Bromobenzene (3.47g, 22.0inmol, 3.1equiv) was added to a stirred 
suspension ol magnesium turnings (555mg,22.1mrnol, 3.0equiv) in THF 
(10ml) and the mixture stirred lor 0.5h. A further portion of THF (30rnl) was 

10 added and stirring continued for 1h. Copper (I) bromide-dimethyl sulphide 
complex (2.27g, 1 1.04rnmol), 1.5equiv) was added to the Grignard 
solution at -70°C then allowed to quickly warm to -20°C. After 0.5h, the 
yellow-green slurry was cooled to -70°C and treated with a solution of 
Intermediate 37 (3.0g, 7.37mmol) in THF (10ml) over 10 min. Alter 2h at 

15 -70°C, the reaction mixture was warmed to -20°C over 0.5h then 
quenched with aqueous NH4CI solution (200ml) and extracted with EtOAc 
(150ml, 2x50ml). The extract was washed with NH4CI solution (40ml), and 
brine (50ml), then dried (MgSCU), and concentrated in vacua The residue 
was triturated with Et20/hexane (1:2; 50ml) to afford (4S)-3-(3-(3-cyclo- 

20 pentyloxy-4-methoxyphenyl)-3-phenylpropanoyl]-4-plienyl-2-oxazolone 

(2.97g) as a wfiite solid; 5h (CDCI3) 1.5-1.95 (8H t br m t (Chkh). 3.6-3.85 
(2H, rn, CH2CO), 3.79 (3H ( s, OMe), 4.10 (1H, dd ? J 8.7, 4Hz, CIIITO), 
4.5-4.6 (1H, m, CHCH 2 CO), 4.58 (111, apparent t, J 8.7Hz, CHH'O), 4.70 
(1H. br rn. ArOCH), 5.32 (1H, dd, J 0.7,4Hz, CHN), 6.75-6.8 (3H, rn. 

25 C G H 3 ). and 7.0-7.35 (10H. m. 2xC G li5). 

Hydrogen peroxide (27.5% w/w; 19. 1g, 17.2ml, 155mrnol) was added in 
small portions over 0.25h to a solution ol the acyloxazolidinone (15.01g, 
30.9mrnol) in THF-H 2 0 (4:1, 240ml) at around 5°C. Alter a further 5 min, 

30 aqueous LiOH solution (1.0M; 43.5ml, 43.5mmol) was added dropwise at 
0-5°C and the reaction mixture maintained at <5°C overnight. 
Sodium sulphite solution (1.0M; 171ml) was added in small portions at 
<20°C and the THF removed it) vacu o. The residue was tillered to 
remove any solid and the filtrate washed with EtOAc (2x100ml). The 

35 aqueous layer was acidified to pH2 and extracted with EtOAc (3x100ml). 
The extract was washed with brine (40ml), then dried (MgSO/i), and 
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concentrated in vacua lo allord 3-(3-cyclopentyloxy-4-melhoxyphenyl)-:3- 
phenylpropanoic acid (10.2g) as a colourless viscous oil. 

Tho crude cnrboxylic acid (3. lUg, 9.30mmol) in CI I?CI Z (10ml) was trenleil 
with thionyl chloride (2.7ml. 37.5mmol) and the mxiture heated to rellux lor 
3h. The reaction mixture was concentrated in vac uo and the residue 
azeotroped with toluene (2x25ml) to afford 3-(3-cyclopenlyloxy-4-methoxy- 
phenyl)-3-phenylpropanoyl chloride (2.96g) as a brown oil. 



5 



10 A solution of the acid chloride (1.48g, 4.13rnmol) in CH 2 CI 2 (5ml) was 
added to a suspension ol 2-aminophenol (0.90g. 0.26mmol) in CI l 2 CI 2 
(15ml) and the mixture stirred for 2h. The reaction mixture was diluted 
with CM2CI2 (100ml), washed with 10% IICI (2x25ml). then dried 
(Na 2 S0 4 ), and concentrated in vacuo . The residue was subjected to 

15 chromatography (Si0 2 ; EtOAc/hexane. 2:3) to afford an off-white foam 
(0.96g). The intermediate amide (400mg) was heated at 150°C lor 60h 
and the residue subjected to chromatography (Si0 2 ; EtOAc/hexane, 1:4) 
to afford the lille_j^mj2ojiDU (234ing) as a white solid m.p. 91.5-92.5°C 
(Found: C. 70.63; I I. 6.60; N. 3.23. C 27 H 27 N03 requires C. 70.42; 

20 1 1, 6.58; N, 3.39%); 5n (CDCI3) 1.5-1.9 (Oi l. br m. (CLl2)4). 3-64 (2l I, d. J 
0.1Hz. PhCHChk). 3.77 (3H. s. Ofifle). 4.61 (1H. br m. OCHJ. 4.74 (111. t. J 
8.1Hz. PI1CHCH2). 6.7-6.8 (3I I. m. Crjtb), 7.1-7.3 (7H, rn, ArJJ). 7.4-7.45 
(1H, m. ArH), and 7.6-7.65 (1H. in, ArfJ); v inax (KBr) 2960. 1620. 1600. 
1530. 1240. and 1140 cur';m/Z (ESI) 436 (M + + 23. 100%). and 414 (M* 

25 + 1 . 00); [a] 22 = +64° (0. 1 67g/1 00ml EtOH). 



G-r2-(3-Cvclouentvloxv-4-mG thuxv»lic nvn-2-uhenvleUivH-1-»npH »YJi 
imidazole 

30 Methylamine was bubbled into a stirred mixture of Intermediate 39 ( I.Og). 
3A molecular sieves (sa, 5g). and 4-toluenesulphonic acid monohydrate 
(ca. 50mg). Alter stirring at RT for 1.5h, a lew drops ol El 3 N was added 
and the reaction mixture filtered using Et 2 0 washing. The nitrate was 
concentrated in vac uo to give the intermediate imine as a near colourless 

35 oil (O.OOg). 



I 
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A mixture of the crude irnine (O.BBg). 1-butylarnine ().51ml). and (4- 
toluenesulphonyl)methyl isocyanide (TosMIC) (0.63g) in dimethoxyethane 
(30rnl) was stirred al RT for 42h. The reaction mixture was then filtered 
and tfie filtrate partitioned between 20% NCI (50ml) and Et 2 0 (50ml). The 
aqueous layer was separated and combined witli further 20% MCI extracts 
(2x25ml). The acid extract was washed with El^O (25ml). basilied with 
solid KOM. then extracted with Et 2 0 (3x40ml). The organic extract was 
washed with brine (20ml). dried (Mg.S0 4 ). and concentrated in vacuo. The 
residual dark oil (O.Gy) was subjected to chromatography (Si0 2 ; EtOAc to 
2% MeOM-EtOAc) to afford the iiile_jamiDi2ynd. (206mg) as a clear pale 
yellow oil; 5 H (CDCI3) 1.5-2.0 (OM. br m. (CtfcW. 3.2-3.3 (5H. m, NMe + 
CMCM2 pyridine). 3.00 (3H. s. OMe), 4.14 (111. t. J 7.71 Iz. CMCII^ 
pyridine), 4.G5 (III. br m. OCM). 6.G-G.0 (411. m, C G jLi 3 + imidazole M 4 ). 
and 7.15-7.35 (Gi l. rn, C r ,M 5 1 itnidazole Lb»); m/z. (ESI) 377 (M + 1 I . 
15 100%). 
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FORMULATI ON EXAMPLFS 

The compounds of the invention may be formulated for pharmaceutical 
20 use in a number of forms using any suitable excipients. Thus, for 
example, for oral use the compounds of the invention such as the 
compounds of the Examples may be formulated as a solid dosage form, 
by mixing an appiopriate weight of compound (lor example 50mg) with 
j maize starch (50-99%w/w). anhydrous colloidal silica (0-10%w/w) and 
25 organic or inorganic acid (up to 1%w/w). to fill capsules of an appropriate 
. size. e.g. white opaque hard gelatine capsules size 3. If desired the same 
mixture may be compressed into tablets. 

The activity and selectivity ol compounds according to the invention was 
30 demonstrated in the following tests. In these tests the abbreviation l-MLP 
represents the peptide N-lormyl-met-leu-phe. 

Isolate d Enzvme 

The potency and selectivity of the compounds ol the invention was 
35 determined using distinct PDE isoenzymes as follows: 



t 
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i. PDE I. rabbit heart 

ii. PDE II, rabbit heart 

iii. PDE III, rabbit heart, Jurkat tells 

iv. PDE IV, I ILGOcells. rabbit brain, rnbbit kidney and human 
recombinant PDE IV 

v. PDE V, rabbit luny, guinea piy iuny 



A gene encoding human PDE IV has been cloned from human monocytes 
{Livi, £Lcl/.. 1990. Molecular and Cellular Biology, W, 2670). Using similar 

10 procedures we have cloned human PDE IV genes from a number ol 
sources including eosinophils, neutrophils, lymphocytes, monocytes, brain 
and neuronal tissues. These genes have been transfected into yeast 
using an inducible vector and various recombinant proteins have been 
expressed which have the biochemical characteristics ol PDE IV {Beavo 

15 and Reifsnyder, 1990, TIPS, JJL 150). These recombinant enzymes, 
particularly the human eosinophil recombinant PDE IV, have been used as 
the basis of a screen for potent, selective PDE IV inhibitors. 

The enzymes were purified to isoenzyme homogeneity using standard 
20 chromatographic techniques. 

Phosphodiesterase activity was assayed as follows. The reaction was 
conducted in 150fil of standard mixture containing (final concentrations): 
50rnM 2-[[tris(hydroxymethyl)methyl]amino]- 1 -ethane-sulphonic acid (TES) 

25 -NaOH buffer (pi I 7.5), 10rnM MgCI 2 , O.l^iM ( 3 H]-cAMP and vehicle or 
various concentrations of the test compounds. The reaction was initiated 
by addition of enzyme and conducted at 30°C for between 5 to 30 mins. 
The reaction was terminated by addition of 50|il 2% trilluoroacetic acid 
containing [ H C]-57\MP for determining recovery of the product. An aliquot 

30 of the sample was then applied to a column of neutral alumina and the 
[ 3 H]-cAMP eluted with 10rnl 0,1 TES-NaOH buffer (pHO). The [ 3 H]-5'-AMP 
product was eluted with 2ml 2M NaOH into a scintillation vial containing 
10ml of scintillation cocktail. Recovery of [ 3 H)-57\MP was determined 
using the [ ,4 C)-5'AMP and all assays were conducted in the linear range of 

35 the reaction. 



' I " 

I Compounds according lo the invention such as compounds ol the 
Examples herein cause a concentration-dependent inhibition ol 
recombinant PDE IV at 0.1 - 1000nM with little or no activity against PDE I. 
II, III or V at concentrations up to IOOmM. 

5 

2. The Elevation of cAMP in Leukocytes 

The effect of compounds pf the invention on intracellular cAMP was 
investigated using human neutrophils or guinea pig eosinophils. 
Human neutrophils were separated from peripheral blood, incubated 

10 with dihydrocytochalasin B and the test compound for 10 min and 

then stimulated with FMLP. Guinea pig eosinophils were harvested 
by peritoneal lavage of animals previously treated with intra- 
peritoneal injections of human serum. Eosinophils were separated 
from the peritoneal exudate and incubated with isoprenaline and test 

15 compound. With both cell types, suspensions were centriluged at the 

end ol the incubation, the cell pellets were resuspended in buffer and 
boiled for 10 min prior to measurement of cAMP by specific 
radioimmunoassay (DuPont). 

20 The most potent compounds according to the Examples induced a 

concentration -dependent elevation of cAMP in neutrophils and/or 
eosinophils at concentrations of 0.1 nM to 1fiM. 



3. Suppression of Leuk ocyte Function 

25 Compounds of the invention were investigated for their effects on 

superoxide generation, chernotaxis and adhesion of neutrophils and 
eosinophils. Isolated leukocytes were incubated with dihydrocyto- 
chalasin B lor superoxide generation only and test compound prior to 
stimulation with FMLP. The most potent compounds of the Examples 

30 caused a concentration-dependent inhibition of superoxide 

generation, chernotaxis and adhesion at concentrations of 0.1 nM to 
1|iM. 



Lipopolysaccharide (LPS)-induced synthesis of tumour necrosis 
35 lactor (TNF) by human peripheral blood monocytes (PBM) is inhibited 

by compounds ol the Examples at concentrations of 0.01nM to 10|iM. 
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<1 Relaxation of Constricted Airway Smooth Muscle in vitro 

The effects of compounds of the invention on guinea-pig isolated 
tracheal smooth muscle were investigated. Isolated tracheal rings 
were suspended in organ baths and immersed in oxygenated Krebs' 
solution. The smooth muscle was contracted with sub-maximal 
concentrations of histamine or carbachol prior to the addition of 
increasing concentrations of test compound to the organ baths. The 
most potent compounds of the Examples caused a concentration- 
dependent reversal of both histamine and carbachol-induced 
contractions at concentrations of 1nM to 100^iM. The compounds 
were generally more potent in reversing histamine-induced tone than 
carbachol-induced tone. 

5. Eflects on Cardiac Muscle in vitro 

Compounds of the invention have been tested for their effects on 
isolated cardiac muscle. Right atrial and papillary muscles were 
dissected out from the hearts of guinea pigs and suspended in organ 
baths for measuring the rate (chronotropic) of spontaneously beating 
atria and force (inotropic) of the electrically stimulated papillary 
muscle. In these preparations, selective PDE IV inhibitors such as 
rolipram do not have any direct effects whereas selective PDE III 
inhibitors such as milrinone have positive chronotropic and inotropic 
effects. The non-specific PDE inhibitor theophylline, which is used in 
asthma as a bronchodilator, also causes significant cardiovascular 
changes such as tachycardia. Selective PDE IV inhibitors have 
advantage over theophylline, therefore, through reduced 
cardiovascular side effects. The most potent and selective 
compounds of the Examples had no direct effects on the atrial and 
papillary muscles in vitro at concentrations up to 10fiM but in 
combination with PDE III inhibitors, these inhibitors showed an 
enhancement of chronotropic and inotropic activity, typical of 
selective type IV inhibitors. 

G . Anti-infl ammatory Acti vity in vivo 
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lnlerleukin-5 (IL-5)-inducecJ pleural eosinophil in the rat {Lisle, et al . 
1993, Br.J. Pharmacol. WJL 230p) is inhibited by compounds of the 
Examples given orally al doses ol 0.0001 to 10.0mg/kg. The most 
potent compounds cause a dose-dependent reduction in migrating 
eosinophils with ED 50 s o( 0.003 to 0.03mg/kg p.o. 

Compounds of the invention also reduce the inflammatory responses 
induced in rats by platelet activating factor (PAF). 

Anti-allergic Activ ity in vivn 

Compounds of the invention have been tested for effects on an IgE- 
mediated allergic pulmonary inflammation induced by inhalation ol 
antigen by sensitised guinea pigs. Guinea pigs were initially 
sensitised to ovalbumin under mild cyclophosphamide-induced 
immunosuppression, by intraperitoneal injection of antigen in 
combinations with aluminium hydroxide and pertussis vaccine. 
Booster doses of antigen were given two and four weeks later and at 
six weeks, animals were challenged with aerosolised ovalbumin 
whilst under cover of an intraperitoneal^ administered anti-histamine 
ayent (mepyramine). After a further 48h, bronchial alveolar lavages 
(BAL) were performed and the numbers of eosinophils and other 
leukocytes in the BAL fluids were counted. The lungs were also 
removed for histological examination for inflammatory damage. 
Administration of compounds of the Examaples (0.001 -10mg/kg i.p. 
or p.o.). up to three times during the 48h following antigen challenge, 
lead to a significant reduction in the eosinophilia and the 
accumulation of other inflammatory leukocytes. There was also less 
inflammatory damage in the lungs of animals treated with compounds 
of the Examples. 



Effe cts on Pulmonary Hypping 

Compounds of the invention (0.001 -10mg/kg by oral or other route of 
aministration) reduce the allergic bronchoconstruction caused by 
antigen in sensitized guinea pigs. 
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Compounds ol the invention have been tested lor their effects on 
ozone-induced hyperreactivity ol the airways of guinea pigs. 
Following the inhalation of ozone, guinea pigs become very much 
more sensitive to the bronchoconstrictor effects of inhaled histamine 
than naive animals (Yeadon et ai 1992, Pulmonary Pharm., 5, 39). 
There is a pronounced shift to the left (10-30 fold) of the dose 
response curve to histamine and a highly significant increase in the 
maximum increase in pulmonary resistance. Compounds ol the 
Examples administered 1li prior to ozone by the intraperitoneal or 
oral (0.001 -10mg/kg) route caused a dose-dependent inhibition ol 
ozone-induced hyperreactivity. 

Adverse Effects 

Compounds of the invention are free from adverse effects following 
repeated overdosage to rats or dogs. For example, over 
administration of 125rng/kg/day of active compounds of the Examples 
to rats for 30 days is not associated with adverse toxicity. 

The most potent compounds of the invention are 20-30 times less 
active than rolipram in inducing behavioural changes, sedation or 
ernesis in rats, ferrets or dogs. 
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CLAIMS 

1- A compound of formula (1) 



frx 




0) 

wherein Y represents a halogen atom or a group OR« where IV is „, 
optionally substituted alkyl group- * a " 

group 0 "" " S " " " N(R ° K W ' ,ere R ° iS 3 '^en atom or an alky, 

SX.ST l,y subs,i,uted a,ky,t a,kenyl ' « or 

R 3 is a hydrogen or halogen atom or an -OR* group, where R9 ls a 
.ydrogen atom or an optionally substituted a.Ky, Vny,, a Lxy.a. y, 
o^.kanoy, group, or a formyl. carboxamido or thiocarboxa.nido 

(ChTa? 5, r iCh " ay b9 Same " di,,erem ' is ~* a group 
^ 0 W I" 6 Ar iS 3 , or bicyc.ic aryl group optiona,. 

con.a.mng one or more heteroatoms selected from oxygen, sulphur 
or n„rogen atoms and n is zero or ar, integer 1 , 2 or 3- 
R « a hydrogen atom or an optiona.ly substituted alkyl group- 

the 11 a, ° m ° r m ° Pti0na,,y SUbS,i,U,ed 9rou P - and 

the salts, solvates, hydrates and N-oxides thereof. 

A compound according to Claim 1 wherein X is -O, 

A compound according , 0 Cain, 1 or Cairn 2. wherein Y is a group 
-ORi where R' is a methyl group. 

A compound according to any one of Claim 1 to Claim 3 wherein R2 
is a cyclopentyl group. 
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5. A compound according to any one ol Claim 1 to Claim 4 wherein R 3 
is a hydrogen atom. 

5 G. A compound according to any one of Claim 1 to Claim 5 wherein n 6 
and R 7 is each independently a hydrogen atom or a methyl group. 

7. A compound according to Claim 6 wherein R 6 and R 7 is each a 
hydrogen atom. 

10 

0. A compound according to Claim 1 wherein Y is a -OCI l 3 group, X is 
-0-, R2 is a cyclopentyl group, I I 3 . RG and R 7 is each a hydroyen 
atom and R 4 and R 5 is each independently a group -Ar. 

15 9. A compound according to Claim 8 wherein R 4 is a group Ar where Ar 
is an unsubstituted or substituted monocyclic aryl or monocyclic 
heteroaryl group and R 5 is a group Ar where Ar is an unsubstituted or 
substituted monocyclic nitrogen-containing heteroaryl group. 

20 10. A compound according to Claim 9 wherein the monocyclic aryl group 
is an unsubstituted or substituted phenyl group, the monocyclic 
heteroaryl group is an unsubstituted or substituted furyl, thienyl or 
pyridyl group and the monocyclic nitrogen-containing heteroaryl 
group is an unsubstituted or substituted pyridyl, pyridazinyl. 

25 pyrimidinyl or pyrazinyl group. 

11. A compound according to Claim 10 wherein the nitrogen-containing 
heteroaryl group is a substituted or unsubstituted pyridyl group. 

30 12. A compound according to Claim 1 selected from: 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-Iuryl) 
ethyljpyridine; 

(±)-4-(2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-thienyl)ethyl] 
pyridine; 

35 (±)-4-[2-(3-Cyclopentyloxy-4-rnethoxyphenyl)-2-phenylethylJ-3- 
methylimidazole; 
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(±)-'1-(2-(3-CyclopeMlyloxy-^-(iieihoxyplienyl)-2-plienylGlhyl| 
pyridine; 

(±)-4-(1-(3-CyclopenIyloxy-4-fnelhoxyphenyl)-2-(4-pyridyl)elhylJ 
pyridine; 

(±)-4-|2-(3-Cyclopentyloxy-4-(iiethoxyphenyl)-2-(4-lluoroplienyl- 
elhylj pyridine; 

(±)-4-[2-(3-Cyclopenlyloxy-4- me »ioxypfienyl)-2-(4-lrifluoromelhyl- 
phenyl)elhyljpyridine; 

(±)-4-(2-(3-Cyclopentyloxy-4-fneUioxyplieny|)-2-(2-ine»ioxypheriyl- 
elhyl)Jpyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyplienyl)-2-(4-methoxyphenyl)- 
ethyljpyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-mellioxyphenyl)-2-(4-methylphenyl) 
elhyljpyridine; 

(±)-4-(2-(3-Cyclopentyloxy-4-rnethoxyphenyl)-2-(3-nieUiylphenyl)- 
ethyljpyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-niethoxyphenyl)-2-(3-cyclopentyloxy-4- 
meUioxyphenyl)etliyl]pyridine; 

(±)-4-[2-(3-Cycloperityloxy-4-ine«ioxyphGnyl)-2-phenylelhylJ-3,5- 
dichloropyridine; 

(±)-2-[2-(3-Cyclopentyloxy-4-mgtlioxyphgnyl)-2-phgnylelhylJ 
pyridine; 

(±)-4-[ 1 -(3-Cyclopenlyloxy-4-niethoxyphenyl)-2-(4-pyridyl) ethyl] 
aniline; 

(±) -4-[ 1 -(3-Cyclopenxyloxy-4-inethoxyphenyl)-2-(4-pyridyl)elhylJ 
benzoic acid; 

(±) Ethyl. N-{4-[ 1 -(3-Cyclopentyloxy-4-rnethoxyplienyl)-2-(4-pyridyl) 
ethyl]phenyl)carbarna«e; 

(±) N-{4-[ 1 -(3-CyclopeiHyloxy-4-metlioxyphenyl)-2(4-pyridyl)ethyl) 
phenyl)N'-ethylurea; 

(±) -N-{4-[ 1 -(3-Cyck ; >entyloxy-4-rnethoxyphenyl)]-2-(4pyridyl) 
ethyljphenylacetamide; 

(±) -3-[2-(3-Cyclopentyloxy-4-n)ethoxyphenyl)-2-phenylethylJ 
pyridine; 

(±) - 4 -(2-(3-Cyclopentyloxy-4-nielhoxyphenyl)-2-phenyle(liyl] 
pyrimidine; 
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' 13. 




14. 

I 

i 

20 15 
16. 

25 

17. 



(±) -4-[2-(3-Cyclopenlytoxy-4-nieU)oxyphenyl)-2-(4-hydroxyrneHiyl- 
phenyl)elhyl)pyridine; 

(±) -4-[ 1 -(3-Cyclopentyloxy-4-nielhoxyphenyl)-2-(4-pyridyl)etfiyl) 
benzamide; 

(±) Ethyl-4-[ l-(3-Cydopenlyloxy-4-melhoxyphenyl)-2-(4-phenyl- 
ethyljbenzoate; 

(±) N-{4-[ 1 -(3-Cyclopentyloxy-4-rnelhoxyplienyl)-2-(4»pyridyl)ethyl| 
phenyljrnethanesulphonarnide; or 

Ihe resolved enantiomers thereof; and the sails, solvates, hydrate 
and N-oxides thereof. 

A compound according to Claim 1 which is (-♦•)-4-(2-(3-Cyclo- 
pentyloxy-4-methoxyphenyl)-2-phenylethyl] pyridine; and the sails, 
solvates, hydrates and N-oxides thereof. 

A compound according to Claim 1 which is (-)-4-(2-(3-Cyclo- 
pentyloxy-4-methoxyphenyl)-2-phenylethyl]pyridine; and the salts, 
solvates, hydrates and N-oxides thereof. 

A compound according to Claim 1 which is (+)-4-(1-(3-Cyclo- 
pentyloxy-4-methoxyphenyl)-2-(4-pyridyl)etliyl]pyridine; 

A compound according to Claim 1 which is (-)-4-(1-(3-Cyclopentyloxy- 
4-methoxyphenyl)-2-(4-pyridyl)ethyl]-pyridine; 

A pharmaceutical composition comprising a compound of formula (1): 



wherein Y represents a halogen aiom or a group OR 1 , where RMs an 
optionally substituted alkyl group; 

X is -O-, -S- or -N(FV J )- ( where R° is a hydrogen atom or an alkyl 
group; 
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R 2 is an optionally substituted alky I. alkenyl, cycloalkyl or 
cycloalkenyl yroup; 

R 3 is a hydrogen or halogen atom or an -OR 9 group, where R 9 is a 
hydrogen atom or an optionally substituted alkyl. alkenyl. alkoxylalkyl, 
or alkanoyl group, or a formyl, carboxamido or thiocaiboxarnido 
group; 

R 4 and R 5 , which maybe the same or different, is each a group 

-(CH2) n Ar, where Ar is a monocyclic or bicyclic aryl group optionally 

containing one or more heteroatoms selected from oxygen, sulphur 

or nitrogen atoms and n is zero or an integer 1, 2 or 3; 

R 6 is a hydrogen atom or an optionally substituted alkyl group; 

R 7 is a hydrogen atom or an optionally substituted alkyl group; and 

the salts, solvates, hydrates and N-oxides thereof 

together with one or more pharmaceutical^ acceptable carriers, 

excipients or diluents. 

A process for the preparation of a compound of formula (1): 



wherein Y represents a halogen atom or a yroup OR 1 , where RMs an 
optionally substituted alkyl group; 

X is -0-, -S- or -N(RO)-, where R° is a hydrogen atom or an alkyl 
group; 

R 2 is an optionally substituted alkyl, alkenyl, cycloalkyl or 
cycloalkenyl group; 

R 3 is a hydrogen or halogen atom or an -OR 9 group, where R 9 is a 
hydrogen atom or an optionally substituted alkyl, alkenyl, alkoxylalkyl, 
or alkanoyl group, or a formyl, carboxamido or thiocarboxamido 
group; 

R 4 and R 5 , which maybe the same or different, is each a group 
-(CH 2 ) n Ar, where Ar is a monocyclic or bicyclic aryl group optionally 




(1) 
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containing one or more heteroaloms selected from oxygen, sulphur 

or nitrogen atoms and n is zero or an integer 1, 2 or 3; 

R 6 is a hydrogen atom or an optionally substituted alkyl group; 

R 7 is a hydrogen atom or an optionally substituted alkyl group; and 

the salts, solvates, hydrates and N-oxides thereof 

which comprises in a final step 

a) the hydrogenation ol a compound of formula (3): 



wherein Y. X, R^, R 4 , R 5 , and R G are as defined lor formula (1), to 
yield a compound of formula (1) wherein R 3 and R 7 is each a 
hydrogen atom; or 
b) the reaction ol a ketone of formula (6): 



wherein Y, X, R2 and R 4 are as defined for lormula (1), with an 
organometallic reryent R G R°CI IZ where R 5 and R° are as defined 
for formula (1) and Z is a metal atom, to yield a compound of formula 
(1) wherein R 3 is a hydroxyl group and R 7 is a hydrogen atom; or 
c) the decarboxylation of an acid of formula (13): 





25 




(13) 
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t) 

a) 



wherein Y, X, R 2 , R 4 and R 5 are as defined lor lormula (1) to yield a 
compound ol lormula (1) wherein R 3 . R c and R 7 is each a hydrogen 
atom; or 

the cyclisalion ol a compound ol lormula (15): 



wherein Y, X and R 4 are as delined lor lormula (1) and R is a 
carboxylic acid (-CO2I I] group or a reactive derivative thereof, a nitrile 
[-CN] or an imine salt, with a bifunctional reagent W'R^W 2 and 
where necessary a compound R r,b W 3 [where W 1 , W 2 and W 3 , which 
may be the same or dilferent, is each a reactive lunctional group or a 
protected derivative thereof; and R 5a and R 5b are components ol the 
heteroaryl group R 5 such that when added together with W 1 , W 2 and 
W 3 to the group R in compounds of lormula (15) the resulting group 
-RW 1 R 5a W 2 or -RW 1 R 5a W 2 R 5b W 3 constitutes the heteroaryl group 
R 5 J, to yield a compound ol lormula (1) wherein R 3 , R 6 and R 7 is 
each a hydrogen atom and R 5 is a heteroaryl group; or 
the alkylation ol a compound ol lormula (18): 



wherein Y, X, R 3 , R 4 . R 5 . R G , and R 7 are as delined for formula (1) 
with a reagent R 2 L wherein R 2 is as defined for lormula (1) and L is a 
leaving group; or 

the interconversion ol a compound of lormula (1) to another 
compound ol lormula (1), or 

by reaction ol a compound ol formula (1) with an acid or base to yield 
a salt ol a compound ol formula (1); 
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